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PREFACE 


The testing of radio sets covers a very wide field, for testing 
enters into every phase of modern radio technique. First 
of all, in the dfesign stages, tests are required to ascertain the 
extent to which the designer's calculations have been carried 
out in practice. When he has completed a satisfactory model 
the whole organisation of routine testing comes into operation. 
Every component must he systematically tested, and, in 
addition, the assembled receiver must again be put through 
a form of test, the severity of which depends upon the thorough- 
ness of the tests on the component parts. 

The case of the home-constructed receiver is somewhat 
different, although the wise constructor puts rough tests on 
his components before building them into a complete assembly. 
Generally speaking, however, the home-constructed receiver 
is assembled and is then expected to work, for in the majority 
of cases the prelinainaiy testing has already been done by the 
designer who made the original model and prepared the 
published design. 

Both classes of set come together in the testing necessary 
after they have been put into commission. The best receivers 
break down at times and some systematic method of testing 
is necessary in order to discover in which department the 
trouble is located. In the case of the home-constructed 
receiver, this aspect of the question is perhaps of the greatest 
importance, for in many cases the receiver does not function 
in accordance with expectations. It may be due to faulty 
components or to incorrect assembly, but in the absence of 
any well-defined system of fault location a considerable 
amount of exasperation may be caused, not to mention dis- 
appointment. 
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vi PREFACE 

So important is this latter aspect of the question that the 
earlier and larger portion of the book has been devoted to 
what I have termed " Fault Testing ” on finished receivers. 
The second section of the book deals with " Laboratory Tests,” 
which are of more particular interest to designers and works 
testers. An Appendix has been added dealing with testing of 
the component parts, and in this manner it is hoped that the 
very wide subject may be covered with a sufficient amount of 
detail. 

I should like to acknowledge the assistance which I have 
received from my colleague, Mr. L. I. Leslie, for many valuable 
suggestions throughout the preparation of the book. 

J. H. REYNER. 

Boreham Wood. 

May, 1930. 
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TESTING RADIO SETS 


SECTION I 
FAULT TESTING 


CHAPTER I 
Introduction 

Fault location is one of the most important operations to i 
be carried out in connection with a radio receiver. Without j 
proper method it is also one of the most difficult, but if tackled 
in the right manner it need have no terrors, even for the 
uninitiated. The process is one of highly-trained inductive 
reasoning, for the most we can do is follow' the laws of cause 
and effect. The properly constituted radio set receives energy 
on the aerial, amplifies it, alters the conditions and finally 
converts it into sound energy, the volume, fidelity and general 
character of which must conform to certain expectations. If 
this is not the case we have to find which particular link in 
the whole complex chain is not functioning at its correct 
efficiency. 

The only way in which we can do this is by the employ- 
ment of a system. If one is walking down a path in the dark 
and finds one's progress suddenly impeded, one instinctively 
puts out a hand to find the obstacle. According to the nature 
of the impedance — ^whether one has stubbed a toe, barked the 
shins or stopped a dastardly blow amidships, so one auto- 
matically looks for the obstacle in the appropriate region. 

This is a natural exercise of the faculty of inductive reason- 
ing. The brain automatically and instantaneously locates the 
point which has ceased to function correctly and sends the 
hand as a messenger to discover the cause. We have to use 
the same procedure in testing electrical machinery, for we are 
not able to see, except in very specialised cases, and we have 
to determine the cause of the trouble by finding whether each 
individual portion of the receiver reacts as it should do. 

It is of interest to carry this simile somewhat further. 
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INTRODUCTION 


When I was quite young my mother t|iught me to hold out a 
hand in front when walking across a dark room, in order to 
encounter any obstacles in a somewhat less violent manner 
than might possibly be the case if I walked into them. This 
is a simple precaution, yet it has developed into a habit which 
has on many occasions, been of use. We can exercise the same 
precaution in the case of a radio set by making periodical, 
examinations of the performance of the receiver in order to 
ascertain whether any obstacles are presenting themselves 
to the development of the fullest efficiency. To take a very 
elementary case, a periodical mea.surement of the voltage on 
the high tension battery indicates the state ©f discharge and 
enables one to order and have by a new battery before the old 
one suddenly runs down, or develops too high an internal 
resistance for satisfactory operation. 

It is to be urged, therefore, that some of the, more ele- 
mentary of the tests which appear in the following pages 
should be apphed as a matter of routine to sets which are 
already functioning in what appears to be a satisfactory 
manner. Gradual deterioration is difficult to detect auraUy, 
but can be brought to light by a series of routine tests. 

EQUIPMENT REQUIRED 

Before discussing the actual methods to be followed, it 
would be as W'ell to consider the equipment necessary. The 
first essentials are a voltmeter and a milliammeter, without 
the aid of which it is difficult, if not impossible, to carry out 
satisfactory' testing. The voltmeter should be capable of 
measuring low-tension voltages up to 6 volts and high-tension 
voltages up to at least 150 volts. The milliammeter should 
preferably have a number of ranges, for one encounters 
receivers having currents ranging from 6 to 7 miUiamperes 
up to 30 or 40 or even more in the case of power amplifiers. 
Probably the most satisfactory instrument is a combination 
meter capable of measuring aU three quantities. 

Such a meter as the Ferranti portable instrument, illus- 
trated in Fig. I, is a useful accessory. This instrument can 
be obtained in various ranges, one of the most useful being 
7-5 S'Ud 150 volts and 30 milliamps. Another instrument of 
considerable value is the Onemeter marketed by Leslie Dixon 
& Co. This instrument is in the nature of a mass-production 
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[Facing page 2 







INTRODUCTION 


3 


precision instrument and is actually a milliammeter having a 
full scale deflection of 2 milliamps. By the use of suitable 
shunts and series-resistances, any desired range of current 
’from 2 milliamperes upwards (full-scale) and 100 millivolts 
upwards may be measured. 

It should perhaps be emphasised that the voltmeter and 
milliammeter should be of a thoroughly reliable moving coil 
type and should have a figure of merit of at least 200.^ This 
is essential because a number of the tests which require to be 
made in practice depend upon the accurate determination of 
relatively small differences in the reading on the instrument, 
which must, therefore, be thoroughly reliable.. 

With this very simple equipment one can carry out the 
great majority of tests. Certain more specialised pieces of 
apparatus such as a valve emission tester, etc., will be des- 
cribed later on. One such piece of auxiliary apparatus, 
however, is practically a necessity. This is the wavemeter, 
an instrument which is used not so much for measuring wave- 
lengths as for the provision of an artificial signal for testing 
purposes. A simple buzzer wavemeter is all that is required 
for most purposes. This consists of a tuned circuit calibrated 
in wavelength according to the setting on the dial. Coupled 
to the circuit is an energising circuit containing a buzzer, 
which is a small magnetic contact breaker. When the buzzer 
is connected to a battery the vibrating contact is set in motion, 
making and breaking ‘the circuit several hundred times a 
second. The action is similar to the well-known trembler- 
bell, but much more rapid. 

Each pulse of current in this energising circuit induces a 

^ The figure of merit of an instrument is a measure of the current taken 
by the movement in operation. This should be so small as to be negligible, 
but the production of a finely balanced movement requiring little power for 
its operation is an expensive matter. 

A good meter will require 5mA to produce a full scale deflection. If 
used as a voltmeter it will then require a series resistance of 200 ohms for 
every volt full scale deflection. Thus if we introduce a series resistance of 
2,000 ohms, we shall obtain a full scale reading with 10 volts, for ^^^<j = .oo5 
amps or 5 mA. We say that such an instrument has a figure of merit of 200 
( ohms per volt) . 

The figure of merit mcfey easily he determined .for any meter by ascer- 
taining the current in milliamps required for full scale deflection. This 
figure should be divided into 1,000. For example, the Onemeter referred 
to above gives a full scale deflection with 2mA. " Plencc its figure of merit 
is 500. 
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voltage into the tuned circuit and sets it oscillating, so that 
we have a series of trains of oscillations in the tuned circuit 
following one another at a musical frequency. This is exactly 
similar to the state of affairs with a spark transmitter, and if 
we tune our receiver to the wavemeter or vice versa, we shall 
hear a musical note just like a spark station. 

We can use this for a source of artificial signals in testing 
different parts of a receiver or in measuring inductance or 
capacity, as will be seen later, or we can use it to determine 
the wavelength to which the receiver is tuned, by referring 
to the calibration. 

Such instruments are easily made up, a suitable circuit 
being shown in Fig. 3. Alternatively, a convenient instru- 
ment made by Messrs. 
Wright & Weaire may be 
purchased complete and cali- 
brated. This wavemeter, 
which is illustrated in Fig. 4, 
covers a range of 200-2,000 
metres, and has the ad- 
Fig. 3-SmPLE^ Buzzer Wavemeter vantage of being more 

sharply tuned than usual 
owing to the use of an inapact excitation circuit. 

For mains apparatus, more particularly operating from 
alternating current supply, certain other equipment is desirable. 
An A.C. voltmeter capable of reading up- to 300 volts is useful 
for checking the supply ^voltage and the voltage on the 
secondary of the transformer where this is within the limits 
of the meter. A second range on the instrument is also 
desirable, capable of reading up to about 7*5 volts. This is 
in order to check the voltage on the filament circuits of the 
various valves, which may range from 0.8 volt to 7.5 volts 
according to the type of valve.^ 

A Ferranti rectifier voltmeter is a very convenient instru- 
ment and this may be obtained in ranges 2.5, 25 and 250 
volts with a figure of merit of 200 or 1,000 as required. The 
lower value is satisfactory for ordinary work. The Onemeter, 
previoudy mentioned in connection with DC tests, can also ft 
be obtained in an AC form with suitable multipliers giving a 
range of 7*3 or 300 volts full-scale deflection. 

* The o‘8 volt type of AC valve is beinj^ discontinued. 
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One further instrument is desirable in connection with 
mains apparatus, and that is a voltmeter capable of reading 
up to 250 volts with a figure of merit of 1,000 ohms per volt. 
This, therefore, only takes i milliampere for full-scale deflection, 
so that no serious diminution of the voltage being measured 
results from a connection of the meter across the circuit. An 
instrument of this type is quite easily converted into a 500- 
volt meter of sufficient accuracy for testing purposes, by 
inserting a standard 250,000 ohm resistance in series. Corres- 
pondingly higher readings can be obtained if desired by the 
inclusion of further resistances. 

This particular meter should be provided with a pair of 
test prods, consisting of insulating rods terminating in a metal 
point. This enables one to place the metal ends on live 
portions of the circuit without any danger of shock from 
personal contact with possible high voltages in the receiver. 
This precaution is very necessary, and even with the prods in 
use, the greatest care should be taken in making any test on 
the receiver while it is alive. 

^ Such instruments as have already been described comprise 
the general testing equipment necessary for fault location. 
There is, however, one further instrument which wiU be found 
of considerable value, although it is by way of being a luxury 
instrument. This is an ohmmeter of some kind. There are 
occasions when a quick and easy method of measuring the 
resistance of a circuit is of use. As is described in the Appendix, 
a check on the resistance of any portion of the circuit may be 
obtained by use of the voltmeter already described, but an 
instrument which gives the actual resistance at a glance w^Dl 
often save time. 

An ohmmeter is, of course, merely a milliammeter and 
battery all built into a suitable case whilst two terminals are 
provided for the connection of the external resistance to be 
measured ; according to the value of this resistance so a greater 
or less deflection is obtained on the milliammeter needle. The 
scale is calibrated in ohms instead of in milliamps and suitable 
devices are incorporated in the circuit of the instrument itself 
to ensure that the calibration shall, as far as possible, be inde- 
pendent of the voltage of the battery within fairly wide limits. 

An instrument of this class, which, while somewhat ex- 
pensive, is very convenient, is the Avometer, which has three 
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resistance ranges from o to lo ohms, o to 10,000 ohms and 0 
to I megohm. 

The same instrument has several voltage and current 
ranges so that it also acts as a voltmeter and milliammeter 
forming a very useful combination instrument. The instru- 
ment is illustrated in Fig. 5. 

A smaller instrument reading from 10 to 10,000 ohms is 
also marketed by Messrs. A. F. Bulgin, Ltd. 





Fig. 5.— ^vometer. 
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CHAPTER II 
General Testing Methods 

Having described the instruments necessary for fault location, 
it is now necessary to discuss the methods to be adopted in 
general practice. The whole secret lies in the isolation of 
the particular portion of the receiver in which the fault has 
developed. This must be done in as expeditious a manner 
as possible and subsequently the actual faulty component in 
the particular section can be located by a narrowing down of 
the possible causes. 

Generally speaking, therefore, our method is to ascertain 
systematically that each portion of the receiver is functioning 
correctly and this is usually best done by working from the 
low-frequency end of the receiver. That is to say, one starts 
with the output and gradually works up towards the inputj 
taking each stage in turn. Various methods of carrying out 
detailed tests on each portion will be described in future 
chapters. The purpose of this chapter is to elaborate the 
particular system to be adopted. 

Checking Anode Current'^ 

Now the first test to be made on any receiver is to ensure 
that the valves are working satisfactorily. For this purpose 
the connection from the negative terminal of the H.T. battery 
should be disconnected and a milliammeter inserted therein. 
The negative pole of a miUiammeter is, of course, connected 
to the negative of the battery while the positive pole is con- 
nected to the negative terminal on the receiving set. The 
milliammeter should be shunted by a large condenser of 2/x,F 
during this test, because the introduction of a resistance in the 
common H.T. lead in this manner may set up a low-frequency 
oscillation. If this occurs, the miUiamps reading obtained 
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from the different valves is quite likely to be upset and 
deceptive results may be obtained. 

The range of the milliammeter must, of course, be chosen 
according to the set in use. Generally speaking, a range of 
about 30 milliamps will be satisfactory for receivers using up 
to four valves, but it is always advisable to note the valves 
in use and to’ estimate the probable total anode current in 
order to make sure that one wiU not seriously overload the 
meter. The table given herewith is a guide to the anode 
current taken by various classes of valve and will serve as a 
general basis of computation. 

TABLE I 

.\VER.\GE CURRENT TAKEN BY VARIOUS TYPES OF VALVE 

^ (milliamps) 

XoTE. — This table is to give an indication only. It is not 
intended for any accurate calculations. 


H. T. Voltage 


Type of Valve 

100 

150 

200 

With no bias — 




Screen Grid : Anode 

2-4 

3-5 

— 

Screen 

1. 0-1.5 

1. 0-1.5 

— 

R.C. 

0. 5-1.0 

1. 0-1.5 

— 

H.F. 

1-2 

2-3 

— 

With correct Has — 




L.F. 

2-3 

3-5 

— 

Power . , . 1 

4-6 

6-9 

10-15 

Super Power . 

8-12 

10-15 

15-25 

Pentode : Anode , | 

6-10 

9-15 

14-22 

Screen 

1-3 

2-5 

3-7 
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GENERAL TESTING METHODS - ‘ ' 'g 

Having inserted the milliammeter in this manner, the set 
should be switched on and the current noted. It should be 
particularly observed that all reaction controls and the like 
are set at the minimum position so that no portion of the circuit 
is in a state of oscillation. The anode current taken by an 
oscillating valve is quite different from that taken when the 
valve is static. It is nothing for a valve taking i milliamp 
normally, to take 30 milliamps when it is oscillating, and it 
will readily be appreciated that misleading results can easily 
arise from a cause of this nature. It may be that, even with 
the reaction control at zero, part of the circuit oscillates, in 
which case the offending circuit must be isolated and the 
trouble cured. 

Assuming no such oscillation, however, the anode current 
should tally approximately with the figures computed from 
the knowledge of the valves in use. In any case, remove 
each valve in turn and note the decrease in the anode current. 
This will immediately give an indication as to whether the 
valves are functioning effectively. 

. In order to make this point quite clear it will be of interest 
to take an example. Let us consider that we have a 3-valve 
set having a screen-grid H.F. valve, followed by a detector 
(H.F. valve) transformer coupled to an ordinary power valve 
in the output stage. The H.T. voltage is 150, and therefore, 
by reference to our table, we can see that the total anode 
current should be about 16 milliamps. We now take out the 
power valve which should be responsible for about 9 milliamps. 
The milliammeter reading will, therefore, fall to 7 milliamps. 
The removal of the detector valve will cause a further drop of 
about 2 milliamps, leaving the remainder to be made up by 
the screen-grid valve. 

Now if any of the three valves is faulty, the total current 
on switching on will not read the value of 16 milliamps. On 
removing each valve in turn, it wiU be found that one of the 
valves either causes no appreciable change in the reading or 
only causes a decrease very much less than it should do. This 
indicates that the valve has lost its emission. It is a very 
common form of fault and is more particularly found in the 
output stage although any of the valves in a receiver is liable 
to this gradual deterioration. If a valve is suspected it should 
be checked on a valve tester or replaced with a new valve. 
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For checking up suspected valves a special valve tester can 
be purchased or made up fairly readily and where any appreci- 
able testing has to be done, such devices are of use. Special 
reference has been made to this subject in the Appendix 
dealing with Component Tests, wherein the technique of valve 
testing as it applies to the average user is explained in a fair 
amount of detail. 

It is possible to find that aU three valves in the receiver 
have deteriorated to an extent such that their emission is 
perhaps 50 per cent, of the normal value. The set then works 
but is lacking in both tone and power, and on replacing the 
valves with new ones the trouble will often be cured. 

This systematic test of the valves therefore should be the 
firet test to be placed on any receiver suspected of inadequate 
performance. It is indeed a good policy to check the emission 
of one’s valves periodically even when the receiver is thought 
to be behaving in a satisfactory manner. One’s ears become 
accustomed to a gradual falling off in performance and, there- 
fore, some definite measurement at periodic intervals is of 
advantage. 

Mains Apparatus 

It should be pointed out at this juncture that the simple 
test just mentioned is not satisfactory where the receiver is 
operated from a mains unit. Mains units as a class have a 
poor relation. That is to say, the voltage falls more or 
less rapidly as the current increases and vice-versa. Even if 
several tappings are taken on the eliminator, the voltages on 
these tappings are usually interdependent to a large extent. 
If, therefore, one suddenly removes the load from one tapping 
by removing a valve, the voltage on the other tappings will 
rise and the current taken by the remaining valves will increase 
beyond the normal value. Consequently, the drop in anode 
current due to the removal of the said valve will not be as 
great as it should be, and the results must be interpreted 
accordingly. 

It is often preferable, in such circumstances, to use a 
battery for supplying the high tension voltage to the set, the 
mmns umt being discarded for the time being.. This avoids 
inisleading results, the mains unit being brought into operatioii 
at a later stage when the fault in the receiver is located, ' 
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GENERAL TESTING METHODS 

CONTINUITY OF CIRCUIT 

Let us revert to the test on our imaginary receiver, and 
let us assume that the removal of the detector makes no 
difference to the reading on the milliammeter. Although a 
faulty valve will give this result, we must not jump to the 
conclusion that this is necessarily the cause of the trouble. 
A defect in the circuit such as a broken anode lead or too much 
grid bias, wiU give the same result. We must carry out 
further tests, therefore, to determine whether it is the valve 
or the circuit which is at fault. 

The valve itself may be tested by one of the methods 
outlined in the Appendix, but the simplest procedure in actual 
routine testing is to put a fresh valve in the valve socket. 
Spare valves should always be available when carrying out 
tests on a receiver, and if the inclusion of a different valve, 
known to be good, in the particular socket does not give an 
increase in the milliammeter deflection, then the circuit is 
probably broken. For the purpose of this test, of course, it 
is not essential that the valve used shall be identical with the 
one just removed, but it should be of a similar type. 

VOLTMETER TESTS 

Assuming that the valves are O.K., we must look for a 
fault in the circuit. At this juncture it is advisable to adopt a 
somewhat different procedure. The tests so far have been 
made by the use of a milliammeter, measurements being made 
to see whether the current is of the expected order. We now 
proceed to measure the voltage at various parts of the circuit 
to see whether this again conforms to expectations. The 
milliammeter may, if desired, be removed from the circuit 
(as would be necessary if one were using a combination meter). 

The voltmeter employed must - have a range capable of 
measuring the full high-tension voltage applied to the receiver, 
and it is convenient to use the test prods referred to in Chapter 
I, as these often enable access to be obtained to somewhat 
cramped portions of the receiver. The method adopted is to 
check the voltage from the high-tension battery through each 
circuit in a progressive manner in order to see whether ever}^- 
thing is in order. 

In the case we have just been considering, we have assumed 
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that one valve is shown to be ineffective, the removal of this 
valve from its socket hanng no effect upon the anode current. 
In such a case we should attack this particular valve circuit 
first but in the absence of any such definite indication, one 
would apply the test to each valve circuit in turn. 

First of all we measure the voltage of the H.T. battery, on 
that particular tapping which is supplying the circuit in 
question. This, of course, should give us the correct reading 
within the limits to be expected ; ^ otherwise the battery is 
faulty. We then measure the voltage on the terminals of the 
receiver, which should be the same, and continue to work 
backwards through the circuit. Assuming that the detector 
valve is the one which is at fault, we should pass through the 
transformer on to the anode of the valve itself. The voltage 
on the valve side of the transformer should be slightly less 
than the full amount owing to the small resistance drop on the 
transformer winding. If the valve, however, is passing no 
current as we have assumed, this will not be the case, and 
there will only be the small voltage drop due to the current 
taken by the meter itself, so that the voltage on the valve 
side of the transformer will either be the fuU H.T. voltage or 
nothing at all, in which latter case we have an indication that 
the transformer winding is broken. 

Assuming the transformer to be satisfactory, we should 
continue the test, ultimately reaching the anode of the valve 
itself. This is measured actually on the pin of the valve, 
care being taken, of course, not to allow the lead to touch the 
filament pin at the same time, as otherwise there is a risk of 
the H.T. batterj’^ being short circuited through the filament 
and so damaging all the valves in the set.® 

It is possible, for example, to find that the voltage is 
present at the anode terminal of the valve holder, hut is not 
present on the valve itself. This indicates a break in the 
valve holder which should be removed and inspected. 

A test such as this should have located the fault, but there 
is still a possibilit}?' that no definite fault has been found even 
after this time. If the voltage on the anode of the valve is 

^ A battery should not be allowed to run down below a voltage about 
70 per cent, of the rated value. Otherwise the internal resistance will be 
unduly high and trouble will probably result. 

- This risk is minimised if a flash lamp or other fuse is incorporated in 
the H.T. lead as described at the end of the chapter. 
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equal to the full H.T. voltage, indicating no voltage drop in 
the circuit and consequently no anode current, there are two 
possible sources of the trouble. The first of these is that the 
filament circuit of the valve is faulty so that the valve is 
receiving no filament current. This may readily be checked 
by connecting the voltmeter across the two filament pins, 
with the valve still in position. 

If the filament circuit is found to be O.K. we are left with 
the grid circuit of the valve which may be broken or incor- 
rectly biassed. Connect the grid terminal on the valve holder 
to L.T. — , and then again check the anode voltage. This should 
now be appreciably less than the full H.T. voltage, indicating 
that anode current is flowing, which shows that the grid circuit 
is at fault. The various tests which should be employed to 
locate trouble in the grid circuit are dealt with at length in 
the chapter on Tuning Tests. 

This method of voltmeter testing is extremely valuable, 
and will very often give an indication of a fault. It is based 
on the principle that if a circuit is working correctly there 
wiU be a gradual drop in voltage from the most positive point 
(the H.T. battery) to the zero potential point (H.T.—). If 
the particular anode circuit contains a transformer or choke, 
the voltage drop will only be relatively small (the drop on a 
good transformer or choke is only between 10 and 20 volts), 
whereas if one is using resistance coupling, the voltage drop 
on such a component will, of course, be considerably more. 

One either finds that the voltage drop is of the correct 
order, or else one of three things may happen. There may be 
no voltage drop (full voltage at every point) which indicates 
that the valve in question is not functioning. We may find 
no voltage at all which indicates a complete break in the 
circuit. Thirdly we may find an excessive voltage drop, 
particularly with resistance coupling, indicating that the 
valve in question is not receiving its fair share of anode voltage, 
and is, therefore, incapable of functioning properly. The 
voltmeter test, therefore, used with discrimination is one of 
the most valuable tests of- all. 

PROCESS OF ELIMINATION 

We will assume, however, that the circuit is through as 
far as the anodes of the valves are concerned, and that each 
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valve takes its correct current and everything is, therefore, 
in order. Yet the fault, whatever it may be, remains. To 
discuss generally the methods to be adopted now becomes a 
matter of some difhculty, and the development of the prin- 
ciples in detail can only be carried out by considering various 
forms of test under particular headings. We can get some 
general idea of the method of procedure, however, by indicating 
the systematic principles which must be adopted. 

Let us consider, for example, a simple two-valve set which 
just does not work. One’s first operation, having tested the 
valves in the manner described, is to switch on the set. There 
Uhould be a click in the loud speaker on switching on and 
^ ‘ again on switching off, which indicates that the loud speaker 
is functioning, probably satisfactorily. If there is any doubt 
this point should be verified. 

We now desire to find out whether the low frequency stage 
is working satisfactorily. A .simple and rapid way of testing 
this is to increase the reaction condenser on the set. A faint 
click or plop will usually be heard as the set goes into oscil- 
lation. The actual noise made depends upon the set itself, 
the better the set, the greater being the difficulty in observing 
the change from oscillating to non-oscillating condition. 

Possibly the set is so constructed that too much reaction 
will cause a squeal to be set up. Either of these effects will 
serve to indicate whether the detector is feeding the low 
frequency portion satisfactorily or not. If no such effect is 
observed, one knows one of three things : 

I. The H.T. voltages are not up to standard. This point 
should already have been checked. 

fact^rify^^ frequency stage is not functioning satis- 


3. The detector is not functioning satisfactorily. 

Now we know from the simple valve tests which have 
a ready been made that both valves are satisfactory, and that 
the anode circuits are “ through.” That is to say, there is a 
ction throughout each of the anode circuits. 

ioncl ’ frequency stage is not working, the 

ansformer is defective or the connections to the low frequency 
valw are in soine way faulty. Let us now endeavour to locate 
tlie fault more defimtely. 
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L.F. Tests 

Remove the detector valve from its socket and replace it 
again. A definite click should be heard on removing the 
valve, and a somewhat fainter click on re-inserting it. This 
is due to the breaking of the anode current passing through 
the transformer primary. If this click is not observed, the test 
should be made a little more definite by taking one of the 
connections off the transformer primary, and touching it on 
and off. A powerful click in the loud speaker should result, 
and if the click is either faint or non-existent, it indicates that 
the transformer is defective. It should be removed from its 
place and put through a test in accordance with the data 
given in the section on Component Testing. 

It may be observed in passing that it is not absolutely 
definitely settled by this test that the transformer is faxilty. 
All we know is that making or breaking the current through 
the primary winding of the transformer does not affect the 
anode circuit of the second valve. That is aU we can say to 
be strictly correct. We can jump to the conclusion that the 
transformer is faulty by the following stages. The last valve 
is giving its correct anode current, therefore it is probable 
that the grid circuit of the valve is functioning satisfactorily ; 
therefore we can assume that the transformer has broken 
down. 

It should be emphasised, however, that this is only jumping 
to a conclusion. There are other points at which the circuit 
may have broken down. A valve will often give its correct 
anode current even if the grid is free. That is to say, even if 
the grid is not definitely connected to the filament through 
a suitable grid bias battery, but is actually connected 
to nothing at all. Therefore the fact that the last valve 
is giving its correct current does not prove that the circuit is 
correct. 

It is quite within the bounds of possibility that the con- 
nection between the grid terminal on the valve holder and the 
grid socket itself is broken. This often happens with valve 
holders of the vibratory (so-caUed anti-microphonic) types. 
Or again, it is possible that a connection to the grid terminal 
of the valve holder, which may be a soldered joint, is bad, or 
perhaps a bad joint may occur in some other part of the grid 
circuit. 
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Detector Tests 

If, however, the test on the transformer shows it to be in 
order, the grid circuit must be examined and tested for con- 
tinuity right up to and including the valve pin, not forgetting 
the grid bias battery. Grid bias batteries have been known 
to develop internal breaks so that one assumes that a given 
voltage is being apphed whereas in reality there is no circuit. 

It should be added at this stage that in many cases indi- 
cations of a broken grid- circuit will be given by"a howl or a 
rapid ticking, often known as “ grid tick.” This occurs when 
the circuit is such that the valve will fall in and out of oscil- 
lation very^ rapidly. It is not likely to happen in the general 
course of events with a low frequency valve, for if the low 
frequency stage is correctly designed there should be no 
tendency to self-oscUlation. With sets of earlier design 
however, a grid howl will often be set up if the grid circuit is 
disconnected. The absence of such howl, however, must not 
be taken as evidence that the grid circuit is correct. Where 
electric light is used a broken grid circuit usually picks up 
mains hum to an unusual degree and this will often provide a 
clue. 


Timing Tests 

So far we have assumed that the fault has been proved to 
be m the low frequency stages. Let us assume, "however 
that we find that the L.F. stage is satisfactory. We then 
have to turn our attention to the detector. Now this may or 
may not be satisfactory according to the results obtained 
If we have obtained a click or plop with the reaction con- 
denser then the detector valve is at any rate functioning in a 
somewhat satisfactory manner. If, on the other hand, we 
obtain nothmg at aU. but we know that the low frequency 
stage IS correct because we get the necessary evidence by 

Se detector valve completely, then we must examine 

tile tuning circuit of the detector valve 

deteJ.r^'ir' ? circuit of the 

detector is satisfactory, because we have obtained anode 

the tuning circuit. Look at the coil and make sure that as 
far as can l^e seen there are no broken connections See that 
the tuning condenser is correctly connected across the coil. 



GENERAL TESTING METHODS 17 

See that the connection between the tuning circuit and the 
valve are in accordance with proper practice. 

At this stage it is desirable to produce the wavemeter 
and, adjusting the tuning circuit to some point within its 
range, place the waVemeter near to the set and endeavour to 
tune in the wavemeter to the set or vice versa. It may be 
necessary to place the wavemeter fairly close to the coil because 
the evidence so far is that the reaction is not functioning. 

If we receive sharply tuned signals from the buzzer at 
the correct wavemeter reading, then we know that the tuning 
circuit is correct and that the connection to the valve is also 
correct. The fault, therefore, lies in the reaction circuit, 
and this should be examined in order to ensure that the coil 
is correctly connected (the right way round), and that the 
reaction condenser is. functioning properly. If no obvious 
fault is found, then a continuity test should be made through 
the reaction coil until the fault is discovered and the reaction 
circuit is made to produce the necessary oscillatioril 'WTh.en 
this is done, the signal strength on the buzzer should be capable 
of being increased quite considerably by the reaction condenser 
right up to the point where oscillation commences ; this is 
then a satisfactory indication that the circuit is working more 
or less correctly. It then only remains to remove the buzzer 
wavemeter, connect up the aerial and earth and receive signals. 
If signals arei^not received, then the fault has now been 
definitely located to the aerial and earth system, and a little 
examination of these points should rapidly result in a location 
of the difiBciilty. 

If, on the other hand, the buzzer wavemeter signals cannot 
be picked up on the circuit, whether the reaction is working 
or not, then it indicates a fault in the tuning circuit or in the 
connection between this and the valve. The first thing to 
do is to test the continuity of the tuning coil. The variable 
condenser should be tested to make sure that it is not short- 
circuited. This is done by removing the coil or disconnecting 
it momentarily, and then making a continuity test across the 
condenser.’ This test should give an indication of an open 
circuit, failing which the condenser is short-circuited. If the 
tuning circuit proves satisfactory, then one must examine the 
connections from the said circuit to the valve, as there are 
various possibilities of error. (F or all these tests seefe^ppendix.) 

c 
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Apart from the possibility of bad connections, there is, 
in the case of the grid detector, the possibility of a broken 
grid condenser. The only satisfactory procedure in this case 
is to replace it with another condenser known to be good. 

Still another possibility is that the circuit tunes quite 
well, but in an obviously incorrect manner. Tuning may be 
found to be aU at the top or all at the bottom of the dial. 
In this case, the coil is obviously either incorrect in itself or 
incorrectly connected. These various tests indicate the 
vulnerable point in the circuit, and by approaching each one 
systematically, applying tests and learning from the result 
of those tests which particular portion of the circuit is wrong, 
we can finalty track the fault down to its lair. 

KNOWLEDGE OF CIRCUIT 
This hypothetical examination of a two-valve set has 
been discussed with a fair amount of detail in order to disclose 
the particular methods which must be adopted. It must be 
emphasised again that system is the only method to be adopted. 
One must, first of all, divide the receiver into its separate 
constituents, such as the detector circuit and L.F. circuit. 
Rough tests are made to determine in which of these portions 
the fault lies. Each circuit must then be sub-divided into 
smaller portions and more exacting tests carried out in order 
to determine where the particular trouble is likely to lie. 
Having isolated one particular portion of the circuit, the final 
most careful tests must be made on that portion to discover 
the fault. 

Two points will stand out from the analysis already made 
Firstly it wiU be clear that the tests themselves grow more 
stringent as we progress. Secondly, although a form of 
circuit was mentioned at the beginning of the discussion to 
help the reader, little reference has been made to the circuit 
Aroughout the tests. This shows that with a proper system 
ri is not necessa^ to know the circuit in detail, provided one 
has some rough idea as to what is to be expected. This cannot 
taken as an invariable rule, but it may be accepted that 
the method of testing is largely independent of the circuit. 

_ It is, of course, a distinct advantage to know the type of 
arcuit with which one is dealing. One may experience 
puzzling resu.ts from tests which can often only be understood 
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by a knowledge of the circuit itself, but these cases are usually 
in the minority. One should endeavour to obtain a copy of 
the circuit to w'hich the receiver has been wired. If this 
cannot be done, then in the event of any serious dififtculty, 
a circuit diagram should be traced out partly by inspection 
of the wiring and partly by the aid of a continuity tester. 
Such a continuity tester should be of the ohmmeter class. 
That is to say, it should be capable of measuring resistances, 
and discriminating for example, between a direct connection 
and a connection through a coil. 

One should be able to measure high resistances with a 
certain degree of approximation in order to determine which 
are grid leaks and which are anode resistances, and details 
as to how this may be done are given in the Appendix. Gener- 



FJash-Ump MiJUatnmeter 
on other fuse 

Fig. 6. — Illustrating Use of Fuse in H.T. Circuit, 


ally speaking, however, one can locate a fault without a definite 
knowledge of the circuit other than some idea of the principles 
involved. Having narrowed the fault down to a certain 
limited section of the receiver, one may then make a detailed 
circuit diagram of the particular portion and then devise 
•scientific tests on each of the various components in order to 
ascertain which is faulty. 

This chapter, therefore, gives the general methods to be 
adopted in fault location. The following chapters in the book 
will deal with each of the various aspects more exhaustively 
and discuss tests to be applied on more complex receivers than 
that just described in order to eliminate various portions one 
at a time and leave the faulty component exposed. 

A PRECAUTION 

One final tip may be given in connection with testing of 
receivers generally. A small flash lamp bulb, or similar fuse. 
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should ba included in the H.T.-lead with the milliammeter. 
This will save damage to the valves or the meter. The bulb 
should be of the specially sensitive type, taking 6 o milHamps 
only at 2 volts. This wiU fuse at about 100 milliamps. The 
condenser across the meter must also shunt this fuse, as this 
has quite a high resistance and trouble may arise if it is not 
shunted with a condenser (see Fig. 6 ). 



CHAPTER III 
Low Frequency Tests 

Having discussed general methods of testing it now remains 
to investigate the various portions of the receiver in greater 
detail. This chapter is concerned with the various tests which 
may be necessary upon low frequency apparatus. The low 
frequency portion of the receiver commences immediately 
after the detector stage, and may consist of any number of 
stages, although in ordinary practice one or two stages are 
sufficient. The input voltage at which the modern detector 
valve functions is such that two stages of amplification fol- 
lowing will usually give adequate loud speaker strength, even 
for large power outputs. In gramophone reception the 
detector valve is used as the first low frequency valve, thus 
obtaining a three-valve arrangement, and amphfiers having 
a larger number of stages than this are only occasionally 
encountered. 

Now the faults which develop in low frequency amplifiers 
may be as under : 

1. Amplifier refuses to function at aU. 

2. Amplifier operates with little power. 

3. Amplifier operates with bad quality. 

4. Amplifier howls or whistles continuously. 

These various cases will be dealt with seriatim. 

AMPLIFIER REFUSES TO FUNCTION 

Where the low frequency amplifier does not work at all 
the location of the difficulty is fairly simple. The methods 
which must be adopted are those discussed in the last chapter. 
Some progressive indication of the soundness of the circuit 
must be obtained working from the back of the set towards 
the front. In this connection a device enabling low frequency 
voltages to be set up in different parts of the circuit will be 
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found to be of use. A gramophone pick up is such a device 
and it may be employed to a considerable extent in amplifier 
testing. Failing this, signals received on the radio portion 
of the receiver may be utilised, always assuming that this is' 
in order. 

The radio portion may be checked by placing a pair of 
telephones in the anode circuit in order to see whether signals 
are received at this stage. Assuming that this is so, then the 
fault Ues in the ampMfier, where it can be located by a process 
of elimination. 

For e.xample, we may connect the telephones in the anode 
circuit of the first L.F. valve. If there are no signals here, 
then this stage is at fault. If a good signal is obtained at this 
point, then the telephones should be transferred to the anode 
of the second L.F. valve and so on. 

This method is an alternative to that suggested in the 
last chapter. Still a third method is the progressive examina- 
tion of the circuit with a gramophone pick-up, as suggested 
in the next section of the present chapter. The apphcation 
of system enables the faulty stage to be discovered with little 
difficulty, after which the location of the actual faulty com- 
ponent may be carried out with the aid of voltmeter tests, 
as described in the last chapter. 

Broken Grid 

In some cases a howl or hum may be experienced on switch- 
ing on. This may be due to self-oscillation in the amplifier 
which is considered at the end of this chapter, or it may arise 
from a broken grid circuit. This possibility was referred to 
in the previous chapter. 

Particularly if the detector grid circuit is broken, is this 
trouble likely to occur. Any external source of interference 
such as hum from electric light mains is picked up to an 
unusually great extent where the detector grid is free, and this 
often gives a clue to the position of the fault. 

Faihng this, the various valves should be removed in turn, 
to find which stage has introduced the trouble. If on further 
investigation the grid circuit of this stage is shown to be 
broken, the trouble may be remedied at once, while if such is 
not the case the difficulty arises from self-oscillation, and the 
remedies dealt with at the end of this chapter must be applied. 
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Another symptom of a broken grid circuit is a peculiar 
choked or throttled sound. The signal is obviously trying 
to get through, but is unable to do so due to a. complete break 
in a vital part of the circuit. 

AMPLIFIER FUNCTIONS WITH REDUCED 
EFFICIENCY 

This is a much more difficult type of fault to locate. The 
class of fault where the circuit behaves, but is not up to its 
full standard, always requires more care and attention than 
the definite breakdown. 

The first test, as already mentioned, should be made on 
the valves, to make sure that they are functioning correctly. 
In a case such as this the simple milliampere test is hardly 
sufficient ; the valves should be inserted in a valve tester 
such as is described in the Appendix, or alternatively new 
valves should be used in place of the existing ones. 

If no cure is effected, the next step is to replace each com- 
ponent in the circuit in turn, or failing this, to remove the 
particular component and dispense with it for the time being. 
For example, an amplifier has been known to become a mere 
shadow of its true self by the use of a bad output transformer ; 
on removing the transformer altogether, connecting the loud 
speaker directly in the anode circuit, the results were greatly 
improved. Even an incorrectly matched transformer may 
result in a considerable drop in the strength. 

Let us, as a matter of interest, analyse the circuit shown 
in Fig. 7. This is a well-known type of amplifier, comprising 
a resistance and transformer stage. In the output circuit of 
the last valve we have an output transformer. We will 
assume that this circuit functions, but in a poor manner. 

First of aU the valves would be checked as already des- 
cribed. Next the voltmeter test would bp applied to the 
circuit in the manner referred to in the last chapter. The 
H.T. voltage would be checked on each circuit from the actual 
H.T. point on the battery or mains unit through the circuit 
to the valve itself. This test would dispose of any possibility 
that one or more of the valves was receiving less than its fair 
voltage, or that for some reason one valve was receiving con- 
siderably more than its due amount. Such a case must be 
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regarded with equal suspicion, for it may indicate that the 
particular valve is over-biassed, in which case it cannot function 
correctly. Incidentally, the grid bias on each stage should 
be checked to make sure that it is of the correct value, and 
that it is the right way round. A reversed grid bias battery 
has been known to cause considerable perplexity. 

Valves and voltages being satisfactory, we must then 
proceed to examine the components themselves. This again 
we do in a systematic manner, working through the set from 
one end to the other. Let us proceed from the output stage 
backwards. The first step will be to disconnect the output 
transformer and to join up the loud speaker directly in the 



Fig. 7. — Typical Three- Valve Amplifier. 


anode circuit of the last valve. This, of course, assumes that 
the loud speaker is of the high resistance type. If not, an 
alternative speaker should be obtained temporarily The 
reproduction obtained with this altered connection 
? much the same as before if the output transformer 

IS functiomng satisfactorily. 


Weak Signal 

Incidentally testing of this nature should always be carried 
out on a weak signal. For one thing the ear is more sensitive 
to chafes in strength, when the intensity is small. It is 
impossible to obtain any accurate gauge as to the effect of an 
alteration if the general level of sound intensity is large. 

cr.» 1 * 3-s this, the matching of the loud 

speaker to the valve is of less importance since the question 
of overloading does not enter into the calculations and, there- 
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fore, oae would find the strength much the same whether an 
output transformer or choke is used, or whether the loud 
speaker was directly in the anode circuit of the last valve. 
A serious reduction of strength on replacing the transformer 
indicates that this component is either faulty or incorrectly 
matched. Put it on one side and deal with it in the manner 
discussed in the Appendix. 

We will assume, however, that this portion of the circuit 
is correct. Working one stage farther back, we come to the 
transformer, assuming that the valve is correct which we have 
already checked. Now transformers have been known to be 
connected the wrong way round. The first thing, therefore, 
is to examine the connections, and preferably to test the 
transformer itself (see Appendix). This may be done in situ 
if all batteries are disconnected. Failing any definite indi- 
cation here, the next step is to eliminate the transformer. 
The simplest method of doing this is to replace the trans- 
former itself with another component of similar character 
and to see whether the results are still the same as before. 

One Step Farther 

It is a good plan at this stage to connect a gramophone 
pick-up across the primary of the transformer. The strength 
of the signal will be weak, probably just audible, but the 
volume of sound should be noted and mentally observed. 

The next procedure is to go one stage farther back, and 
apply the pick-up to the grid of the second valve. Any other 
leads going to the grid terminal of the second valve holder 
should be removed for the time being, the pick-up being con- 
nected between the grid terminal and the grid bias. It is 
sufficient for a rapid test merely to remove the principal com- 
ponents likely to have any influence. For example, one would 
remove the grid leak and anode resistance in front of the 
second valve, in the case just considered. 

Now the response obtained from the pick-up or other 
testing device should be considerably enhanced by the intro- 
duction of this further link in the chain. Indeed a pick-up 
applied directly across the grid of the second valve followed 
by a transformer-coupled amplifier should give good loud 
speaker strength of the circuit if functioning correctly. If 
this is not found to be the case, then the fault can be assumed 
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to be in the valve holder or the valve, and should be fairly 
easily located. 

If the step-up is present, then it is necessary to proceed 
one stage farther back again. The lead of the pick-up which 
formerly went to the grid of the valve, should now be con- 
nected to point X in the diagram, the grid leak being reinserted 
into its clip. The previous valve should be removed (the 
anode resistance has already been taken out) in order to isolate 
the circuit and the signal strength should now be exactly the 
same. That is to say, the inter-position of the grid condenser 
and the grid leak, should have no appreciable effect upon 
the signal strength. 

If there is a drop in strength, one would suspect the coupling 
condenser, which may either be too small in value or perhaps 
broken internally. 

It is not an uncommon thing to find a fixed condenser, 
particularly if of cheap manufacture, to have a broken con- 
nection inside. The customary test which one puts on a con- 
denser is that of continuity, and of course the condenser will 
show an infinite resistance whether it is satisfactory or whether 
it has a break. To check this point connect a good con- 
denser in parallel with the existing one. If the latter is 
O.K., no variation in strength will result; but if it is 
defective a marked difference will be observed. 

The ne.xt step is now to come right back to the beginning 
of the amplifier, re-inserting the anode resistance and the 
first valve. Once again, a distinct step-up in volume should 
be obtained. If it is not, then either the anode resistance is 
faulty or the coupling condenser, while being satisfactory as a 
condenser, has some sort of leak across it, so that the high 
tension voltage which is now applied across the condenser 
owing to the re-insertion of the anode resistance is polarising 
the grid of the second valve. 

Measure the voltage across the grid leak of the second 
valve with a high resistance voltmeter. There should be no 
voltap drop whatever upon the grid leak if the circuit is 
working correctly, but if the coupling condenser is leaking, a 
voltage ^will be developed which can be detected on the meter. 

Failing any of these points, the first valve holder itself 
should be suspected, and if found faulty, replaced. By going 
over the set inch by inch in this manner, working from the 
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back towards the front, the fault must almost inevitably be 
located. Should any dii&culty still persist after these steps 
have been taken, then the only alternative is to replace each 
component in turn, together with the wiring. The tests 
already made should indicate whether the component itself 
was faulty ; the wiring, however, has not been sufficiently 
tested and new leads should be run from the appropriate 
points to the terminals of the new components in order to 
make sure that the wiring itself is satisfactory. 

Checking Grid Bias 

At the beginning of this chapter the necessity for checking 
the grid bias was referred to. It will be as well to discuss this 
matter in more detail. The voltages should be checked at 
the bias points themselves, and also on the valves. A little 
care is required in interpreting the results as will be seen. 
The high resistance voltmeter which is customarily used for 
eliminator tests is best employed for this purpose. This 
instrument will have a resistance of 250,000 ohms, and will 
not cause a serious drain on the circuit across which it is 
connected. If, for example, one wishes to check the grid bias 
of the two stages of the amplifier in question, the first check 
would be across the grid bias battery in the last stage. This 
would be say 9 volts. The next tests would be between the 
grid and filament. This again should be 9 volts, because the 
resistance of the secondary of the transformer is small com- 
pared with that of the voltmeter and, therefore, no appreciable 
voltage drop will result and the valve itself should receive the 
full 9 volts bias. Should this not be found to be the case, 
then the secondary of the transformer or the wiring between 
the transformer and the remainder of the set is faulty. 

When we deal with the first valve we have a slightly 
different state of affairs because there will be a voltage drop 
on the grid leak. Normally, the grid circuit takes no current 
and, therefore, the grid leak will not cause any voltage drop. 
The connection of a voltmeter across grid and filament, how- 
ever, will take a current and owing to the low resistance of 
the voltmeter (for even 250,000 ohms is small compared with 
I or 2 megohms) most of the voltage will be dropped on the 
resistance itself. One can, therefore, adopt two methods. 
Firstly, one can short-circuit the grid leak by removing the 
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grid leak and putting a short-circuiting bar in its place. This 
will, of course, check the wiring, for the voltage between grid 
and filament should then be exactly the same as the voltage 
across the grid bias battery. This has the disadvantage, 
however, that it does not test the leak. 

The alternative method is to work out the amount of 
voltage which one might expect across the voltmeter itself. 
In order to obtain a satisfactory reading it may be necessary' 
to increase the grid bias on tliis particular valve for the pur- 
poses of test. For example, suppose one has a i megohm 
leak. Then if 'the meter resistance is 250,000 ohms, Jth of the 
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0-2S, 
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Fig. 8. — The Current taken by the Volt- 
meter CAUSES A LARGE DROP IN VOLTAGE ON 
THE Grid Leak. 


total voltage will be 
developed across the 
meter, the remaining 
fths being developed 
across the grid leak. 
The equivalent circuit 
is as shown in Fig. 8, 
from which this 
reasoning will be 
quite clear. 

Let us, therefore, 
increase our voltage 
to 9. Then the meter 
, . . o t - should give an indica- 

tion ot 1.8 volts, i.e. approximately 2 volts, if the grid leak 
is correct. This is perhaps difficult to measure on an instru- 
ment reading 250 volts fuU scale, but if there is any doubt, 
the voltage can be increased temporarily to 20 or 30 volts in 
which case a reading of 5 or 6 volts across the meter will' be 
obtained and this wih immediately show whether the grid 
leak is of its correct value or not. 

So much for the rather awkward case where the circuit 
does not develop its full efficiency. Only one example has 

k method is what matters, and this 

should be qmte clear from the detailed manner in which the 
examination of the hypothetical circuit has been conducted. 




to obtmn true quality from the amplifier may 1 
due to a vanety of causes. One must discriminate, of cours 
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between an amplifier which is known to 
good design, and one which has been mad^ *n|l5*:^ 
without adequate knowledge. Manufactured s^ts must be 
assumed to be satisfactory, at any rate during the preliminary 
tests. 

The first thing is to test the quality on a signal of medium 
strength. This removes, for the time being, the danger of 
overloading, or at any rate should do so if the design of the 
amplifier is satisfactory. If the quality still remains bad, 
then one of two things is happening. Either the quality is 
being distorted by an extraneous influence or the components 
are quite incorrect in their values. One of the principal 
sources of extraneous trouble is high frequency energy obtained 
from the earlier stages of the receiver. The presence of these 
high frequency currents usually gives rise either to a whistle 
in the low frequency stages — a point which wiU be referred 
to in the next section — or to a thin reedy quality. 


Distortion Due to H.F. Currents 

The first step, therefore, is to remove the high frequency 
valves, if any, and to disconnect, as far as possible, all the 
tuning circuits from the input to the amplifier. Where one is 
dealing with a made-up set, this of course means the discon- 
nection of the set, up to and including the detector stage. A 
convenient way of achieving this without actually discon- 
necting any wires is to use a gramophone adapter, which is a 
simple valve holder having sockets on one side and pins on 
the other. This fits into the standard valve socket while 
the valve itself is placed in the sockets on the adaptor. The 
filament and anode pins are connected straight through but 
the grid pin is disconnected and is brought out to a terminal 
on the side of the adaptor. One is, therefore, able to intro- 
duce voltage across the grid and filament quite separately 
from the high frequency portion of the receiver, and this vdll 
eliminate the high frequency input. The H.F. valves should 
be removed from their sockets. 

A gramophone pick-up should be connected to the adaptor 
and the quality should now be found to be satisfactory if the 
distortion has been due to the presence of high frequency 
energy as suspected. It should perhaps be remarked in pas^g* 
that a high frequency current can sometimes arise apparently 
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from nowhere. A case in point is an amplifier in which there 
were three straightforward L.F. valves having no pretence 
at high frequency amplification. No tuning circuit came 
anjnvhere within feet of the amplifier and yet high frequency 
currents were found to e.xist. Therefore the removal of the 
tuning and high frequency amplifying circuits from the front 
of the amplifier does not in itself constitute an infallible cure 
for high frequency currents. Some trace of the distortion 
may still remain, and if so, it is necessary to adopt some of 
the various possible devices for keeping the high frequency 
out of the more vital portions of the L.F. amplifier. 


H.F. Chokes and Stoppers 

Assuming that high frequency is found to be the cause of 
the distortion, we must then arrange to by-pass the energy 
from the low frequency portion of the amplifier as effectively 
as possible. A good high frequency choke in the anode circuit 
of the first valve is an essential. Too many of the chokes 
which are found in modern equipment are not of a sufficiently 
high standard to act as an efiective barrier. An effective 
choke should have an inductance of 200,000 /tH with a self 
capacity of 3 or 4 pfiF only. Coupled with the use of a high 
frequency choke, the use of a by-pass condenser is a sine-gm- 
non. It is of no use whatever to endeavour to choke back 
high frequency or any other form of energy unless an alterna- 
tive path is provided for the energy which is to be withheld. 

upc Therefore, on the live or 

To LE high frequency side of the 
6 ta^ choke one must connect 
a by-pass condenser of 
any value up to .ooog^uF, 
down to L.T-, as shown 
in Fig. 9. In some cases 
the value may even be 
increased, but when this 
is done, there is a ten- 




Fjg. 9. The H.F. Choke must have a By- 

PASS QN THE LiVE SiDE, AS SHOWN AT C. 


dfiiicv to mt Aff fhia + j. r QOiic, tJiorc IS a ten.' 
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is present, make sure that the choke is a good one before pro- 
ceeding farther. 

Further obstacles in the path of high frequency currents 
may he placed by inserting stopper resistances in the grid 
leads. These resistances should have a value of approxi- 
mately 100,000 to 250,000 ohms. They operate by reason of 
the capacity between grid and filament of the valve, and the 
relative reactance of this capacity at radio frequencies and 
low frequencies. 

The equivalent circuit is shown in Fig. 10, from which it 
will be seen that we have virtually a resistance in series with a 
capacity, and it is the voltage across the capacity which is 
actually applied to the valve. At low frequencies the reactance 
of the capacity is very large and consequently the greater 



Fig. 10. — Illustrating Action of Grid Stopper. 


part of the voltage is developed across this capacity. The 
resistance, therefore, has no elfect in cutting down the signal 
strength. At high frequencies on the other hand, the reactance 
of the capacity is quite small compared with the resistance, 
and therefore most of the high frequency energy is lost in the 
resistance ; only a small portion thereof is actually applied 
to the valve. 

A third method of by-passing the energy is to connect a 
small condenser across the secondary of the transformer or 
from the anode of the second valve to L.T-. These condensers 
must again be small in order to avoid by-passing the top notes 
in the reproduction, and generally speaking, methods such as 
this are not found necessary if the remedies already outlined 
have been put into practice. A practice which is often neces- 
sary in portable sets is the connection of a condenser of 'OOiyuF 
to •002/4F across the loud speaker itself, or alternatively, 
across from the live side of the loud speaker to L.T-. This 
seryes to by-pass the high frequency energy which does reach 
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the loud speaker stage which, in a portable set, usually gets 
there by direct induction and not by passing right through 
the amplifier so that a heavy by-pass of this nature is necessary 
in order to minimise the defect. Needless to say, such a 
heavy by-pass as this has an adverse effect on the quality, 
but the results are more pleasant than the thin high-pitched 
tone which results when H.F. currents are present. 

Saturation. Parallel Feed 

If investigations prove, however, that distortion is not 
arising from the presence of high frequency currents, and if 
the quality is still bad on a weak signal, then one must look 
for some seriously incorrect values of the components. In a 
transformer-coupled amplifier saturation of the iron circuit 
may be responsible for the trouble. The presence of the 
steady current in the anode circuit reduces the inductance 
of the primary winding of the transformer to a greater or less 
extent. If a transformer with an inadequate iron circuit is 
used after the valve which passes a fairly heavy anode current, 
then the inductance of the transformer primary may be 
reduced to a mere fraction of its normal value. The result 
of this will be that the reproduction of the transformer is 
quite inadequate for the circumstances and the quality will 
sound thin and reedy. 

In order to verify whether this is happening, it is necessary 
either to replace the transformer with another transformer 
known to be of good quahty and capable of standing up to 
the job, or to arrange a choke or parallel feed to the trans- 
former in question. This is done by feeding the high tension 
to the anode of the valve through a high inductance choke. 
The low frequency currents are by-passed through a condenser 
on to the transformer as shown in Fig. ii. This may be 
hooked up quite external to the set, and if the quality improves 
then the transformer is not suitable for use directly in the 
anode circuit and must either be replaced or provided with 
some form of parallel feed. 

On the subject of parallel feed, it should be pointed out 
that the choke itself should have a high inductance of between 
50 and 100 henries for preference. This is, of course, at the 
particular anode current which the choke is carrying. 
Undoubtedly the most satisfactory method is to use a constant 
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inductance clioke in this position. These chokes are designed 
with a small air gap in the magnetic circuit so proportioned 
that the inductance remains almost constant over the full 


working range of current. One such choke is illustrated in 
Fig. 12, this being made by Messrs. Wright & Weaire. 

Parallel feeding may be obtained by the use of a resistance 
instead of a choke, but this requires a certain amount of 
careful proportioning, for if the resistance is too high, the 
voltage drop is excessive and the voltage on the valve itself 
is reduced to too low a value. On the other hand, if the 


resistance is too low, 
it exercises a shunt- 
ing effect across the 
primary of the 
transformer, and so 
defeats its own 
object, which is to 
maintain a high im- 
pedance in the anode 
circuit. The voltage 
in question may be 
settled by simple 
measurements, as is 
detailed a little 
farther in the chap- 



ter when the question of overloading is discussed, but generally 
a resistance having a value equal to twice the valve resistance 
will be found satisfactory. 


Saturation may, of course, occur in an output transformer 
or choke with equally unpleasant results. The only remedy 
in this case is to replace the suspected component with one 
of proved performance. 


Incorrect Values 

Another form of distortion arises from incorrect values of 
grid leak in resistance-coupled amplifiers. If the grid leak 
is too high, the phenomenon known as '‘grid choking,” 
results. Although normally no grid current flows, certain 
peak values result in excessive grid potentials, and a small 
amount of grid current is taken at the top of these peaks. 
The effect of this is to increase the grid bias momentarily, 
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due to a building up of charge on the coupling condenser as 
with a grid rectifier, and on a strong signal the grid bias 
may be increased by quite a considerable amount. If the 
grid leak is of too high a value, this charge cannot leak away i 
fast enough, and the speech or music has a choked sound. If | 
on the other hand the grid leak is too small, then the bass I 
reproduction suffers. 

It is a good idea to check the values of the grid leaks and 
anode resistances of a resistance-coupled set. This may be 
done by the methods described in the Appendix, and the 
values actually found noay be compared with the rated values 
of the component and these in turn may be compared with 
what is theoretically sound practice. 

Two tables are given herewith which should be of assistance. 

The first of these is a list of the inductance of some of the better 
known transformers on the market. It should be observed 
that the inductance under working conditions should be i6 
henries for the impedance .at loo cycles to be 10,000 ohms. 
Values at other frequencies are easily determinable by pro- 
portion. Thus, at 50 cycles, the impedance is 5,000 ohms, 
or conversely at 100 cyles, an impedance of 5,000 ohms 
would be obtained with an inductance of 8 henries. 

The second table which is given herewith shows the correct 
values of grid leak and coupling condenser necessary to avoid a 
loss of bass. These values are such that the amplification at 
50 cycles is 90 per cent, of the maximum, so that we have 
10 per cent, cut-off in the bass frequencies. It will be observed 
that the value of grid leak and coupling condenser are inter- 
dependent, this being a factor which is not always appreciated. 
Provided that the values are of the order stated, therefore, 
satisfactory quality will be obtained and there will be no 
danger of distortion. 

The anode resistance should be two to three times that of the 
valve, and the grid leak should be approximately four times the 
anode resistance. This immediately determines the correct 
value of coupling condenser, and in a well-designed set this is 
the order of the values which will be encountered. If the 
values are different then suitable alterations should be made 
and the effect noted. 

A trouble which must be suspected in this connection is 
that the coupling condenser has broken down. The method 
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TABLE II 

PRIMARY INDUCTANCES OF SOME REPRESENTATIVE L.F. TRANS- 
FORMERS 


Make 

Inductance (Henries) 

With no steady 
current 

With 2 mA steady 
current 

Brown . 

220 

140 

Mazda 2:1 

120 

80 

4:1 

60 

35 

Ferranti AF3 

13a 

90 

AFs 

200 

150 

Igrauic Type J 3 : i 

75 

40 

6 : I 

45 

30 

Lissen Super . 

150 

So 

Lewcos . 

120 

90 

■ Marcouiphone 2.7:1 

40 

30 

4:1 

20 

18 

Variey Nicore II . 

40 

30 


TABLE III 

RELATIVE VALUES OF GRID CONDENSER AND LEAK FOR 90 
PER CENT. AMPLIFICATION AT 50 CYCLES (ONE STAGE) 


Grid Leak 
(Megohms) . 

Condenser 

(mF). 

0-5 

.02 

I.O 

.01 

2.0 j 

.005 

3.0 

• 0035 

5-0 1 

.002 
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of testing for this has already been described, but a partial 
break-down will result in the application of a small amount 
of positive bias to the succeeding valve, and this may distort 
the quality. 


Battery Coupling 

A final source of bad quality which may be found is that 
due to battert" coupling. This is described more fully in the 
next section wherein it is pointed out that with even number 
of stages the battery coupling is positive, whereas with an 
odd number of stages the coupling is negative. In this latter 
case, it has the effect of reducing the total amplification, 
although the maximum reduction under the worst possible 
conditions is only something like 20 per cent. The danger 
lies, however, in the fact that the reaction effect is different 
at differing frequencies, and this naturally distorts the quality. 
Battery feedback may exist in a positive direction, but may 
be insufficient to cause actual oscillation, this depending upon 
the constants of the circuit. This type of distortion is even 
more unpleasant than the reverse feedback type, for it can be 
very violent in character, and may result in the accentuation 
of some frequencies and in the complete suppression of others. 

Therefore, if all other ideas have proved unprofitable' 
battery-coupling should be suspected, and the remedy should 
be put into operation as described in the final section of this 
chapter, dealing with self-oscillation in L.F. amplifiers. 


Overloading. Milliammeter Test 

We have discussed the possible bad quality when the 
amplifier is operating on a weak signal. In manv cases, 
however, the loss of quality only occurs when the amplifier 
is working on a normal or loud signal. In such a case, the 
problem is almost certainly due to overloading. This may 
arise from a number of sources, and it is necessary to go. over 
the amplifier carefully in much the same manner as one does 
when looking for a definite fault. 


A test wmch is of value in this connection is what is knowr 
as the IVtUiammeter Test.” A milliammeter should b( 
connoted m each of the anode circuits in turn. With nc 
agn^ applied a certain anode current reading will be obtained 
On the application of a signal this reading should remair 


'.i 
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unaltered if the circuit is operating without overloading. 
The reason for this is fairly straightfoiw^ard. Refer to the 
valve characteristic shown in Fig. 13. We choose for our 
operating condition a point on the curve such as that indi- 
cated by X. If we apply a symmetrical alternating voltage 
(not necessarily a sine wave) to the grid of the valve, we shall 
cause the anode current to increase and decrease alternately, 
the variations above and below the mean value being equal 
and opposite if we are amplifying faithfully. Consequently 
the mean value remains unchanged. 

If, however, our operating point is incorrectly chosen or 
our grid voltage is excessive, w^e shall obtain asymmetry either 
due to the fact that we 
sweep on to the curved 
portion at the bottom of 
the characteristic, or due 
to the presence of grid 
current if we make the 
grid positive, and 
immediately this happens 
the mean value of the 
current changes. 

During the reception 
of a signal, therefore, the 
anode current will be 
found to fluctuate if any 
distortion is taking place, remaining quite steady if the circuit 
is functioning satisfactorily at the same value as with no signals 
applied. 

In practical amplifiers it is rarely possible to provide such 
a good factor of safety as to obviate entirely any flicker or 
movement of the needle. On heavy passages the needle 
may kick momentarily, but this may be regarded as satis- 
factory, except in exceptional circumstances. If any real 
distortion is taking place, the needle will be in a state of 
continuous movement as opposed to merely an occasional 
flicker. 

The test should be repeated on all the low frequency valves, 
but not, of course, on the anode circuit of the detector valve, 
for the whole principle of detection requires that the anode 
current shall change. By this means the trouble may usually 



Fig. 13. — For Distortionless Working 
WE Operate at a Point X on the 
Characteristic. 
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be located in one particular stage, although in severe cases 
every valve will be found to be overloaded. 


Matching the Loud Speaker , ^ ^ ^ 

If the output stage is found to be overloaded, the first , 
consideration is whether the loud speaker is correctly matched 
to the valve. This is a point which cannot always be deter- 
mined, for the manufacturers in this country do not, as a 
general rule, quote the impedance of their loud speaker. The 
maximum undistorted output is obtained when the speaker 
impedance is twice that of the valve. If this is not the case, 
then a transformer or tapped output choke should be used 
having a ratio given by the expression : 


Ratio = 


J 


2 X Valve Impedance 
Speaker Impedance 


This apphes to small power valves. With increasing power, 
the valves have not such a good straight line portion to their 
characteristics, and in order to avoid distortion, it is necessary 
to use these valves at a lower efficiency and make the speaker 
impedance three, or even four times the valve impedance. 
Such special cases, however, are rather beyond the scope of 
this book, and the general rule given above will serve for the 
majority of cases. 

Moving coil speakers do not vary greatly in impedance 
over the audio-frequency range. As a general guide, the 
impedance of the standard type of moving coil speaker may 
be taken as approximately twice the resistance of the coil. 

With cone and horn speakers, the impedance increases 
greatly with the frequency, and it is necessary, therefore, to 
t ak p the Value at some particular frequency. Overloading 
occurs much more easily in the bass and, therefore, the 
impedance at some such frequency as 250 cycles is preferable 
for working out the correct matching of the loud speaker to 
the valve. 

If the effective speaker impedance (that is to say the 
actual impedance multiplied by the square of the step-up 
ratio of the transformer) is greater than the optimum value 
(twice that of the valve), then the signal strength may be 
reduced, but viistortion will not arise from this cause. If, 
on the other hand, the effective impedance is less than the 
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optimum value, distortion will arise on strong signals, this 
form of distortion being usually known as blasting, which is a 
descriptive term indicative of the cracking or tearing noise 
which is set up owing to this particular form of overloading. 
Fig. 14 shows a form of output transformer having three 
possible ratios. 

It is often suggested that the speaker itself is responsible 
for this overloading, but in the majority of instances this is 
not the case. Most modern loud speakers will handle far 
larger volume than they are called upon to deliver in ordinary 
practice, provided that the energy supplied to them is of 
satisfactory quality. This is not an invariable rule. Some 
loud speakers, for example, develop a rattle when the volume 
is increased, a fault that is particularly noticeable in some 
forms of moving coil speaker where the diaphragm breaks up 
‘ into resonances in the upper frequencies as soon as the volume 
is increased. As a general rule, however, one need not suspect 
the loud speaker, because this is only rarely found to be the 
: cause of the trouble. 

If the overloading occurs in the earlier stages, the prob- 
I ^ ability is that the grid bias is quite wrong, and this should be 
I checked. The voltage actually on the anode of the particular 
valve should be measured, and by reference to the makers' 
figures, the grid bias should be adjusted to the correct value. 
If this does not cure the difhculty, then either the valve itself 
^ is faulty or the design of the circuit is wrong, and the valve 
is inadequate for the grid swing. It should be replaced by 
another valve having a lower resistance and consequently a 
larger permissible grid swing. The grid bias must be corres- 
pondingly increased, again by reference to the makers' figures, 

I and this should overcome the difficulty. 

The trouble may arise from the use of too small a voltage 
on the particular valve. This is often found to be the case 
where a parallel feed or resistance-capacity filter is used, so 
that the voltage on the anode of the valve is distinctly less 
than the full high-tension voltage owing to the drop on the 
resistance. Ensure that the valve has an adequate anode 
voltage by reducing the value of resistance or if necessary 
replacing it with an L.F. choke. 

'ft If the difficulty cannot easily be overcome, it indicates 

^ that the design is at fault, and this must be carefully rechecked 
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to ensure that each stage is working within its capabilities.^ 
Alternatively, the input to the amplifier must be reduced 
so that the Valves are not overloaded. It must be remem* 
bered that a small amplifier has its limitations in regard to 
the volume which can be delivered without distortion. 

DETECTOR DISTORTION 

So much for the low frequency amplifier itself. Distortion, 
however, can very easily arise as a result of the detector stage! 
The correct adjustment of the detector is a matter about which 
a great deal can be written. It is not proposed to deal with 
the subject in detail here, because at the time of writing, this 
component in the wireless receiver is receiving considerably 
more attention than in the past, and the art is, therefore, 
changing somewhat rapidly. 

k brief survey of the subject, however, may be made and 
for this purpose we shall allocate the rectifier to one of two 
classes : 

1, Grid rectification. 

2. Anode bend rectification. 

The grid rectifier is most sensitive to weak signals. The 
sensitivity starts at a good value, rises to a maximum, remains 
at or around this maximum for a certain period and then 
subsequently falls off very considerably. This curious con- 
figuration of the curve, illustrated in Fig. 15, is due to the fact 
that as the signal strength increases, a certain percentage of 
anode bend rectification occurs in addition to the grid recti- 
fication. The two effects act in opposition and ultimately 
almost cancel each other out. 

1 This may be doae by working backwards from the output stage. The 
peak value of the grid swing on the output valve must not exceed the grid 
bias applied to the valve. The anode swingpf the preceding valve is either 
equal to or some fractional value of this grid swing depending upon whether 
direct or transformer coupling is employed. In order that overloading shall 
not occur, the anode voltage on this valve must exceed this peak value of 
anode swing by at least 50 per cent, and possibly more, depending upon the 
straightness of the characteristics. 

If one wishes to carry the analysis farther than this, the grid swing 
applied to this preceding valve must be some fraction of the anode swing 
the actual value being determined by the effective amplification From the ' 
knowledge of the circuit, some estimate may be made as to this figure and 
by this means the probable grid swing (peak value) may be determined for 
this valve. 

This process may be coatinued right back to the beginning of the amplifier. 
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Derived curves can be obtained from the sensiti-vdty curve 
of Fig. 15, giving the L.F. current produced by varying 
strengths of modulated H.F, input, and Fig. 16 illustrates 
three such curves taken for PMi/HF, PMi/LF and PM2 
valves assuming 20 per cent. 
modulation, operating with 50 § 

volts actually applied to the ^ 
detector anode. It will be seen <0 
that the rectification is substan- 
tially linear, that is to say, the ^ 

L.F. output is practically pro- o 
portional to the H.F. input up ^ 
to a certain critical point, which Applied /o/tage — ^ 

is different for all three valves, fig. 15— Illustrating varying 
At this point, the proportion- Sensitivity of Grid Detector. 
ality ceases, and indeed the 

L.F. output actually drops instead of continuing to increase. 

The detector is said to overload here and the quality is 
very badly distorted. The symptoms are usually a great 
accentuation of the sibilants and upper frequencies ; this 
trouble entirely disappears if the input can be cut down 




H.F. Input (Volts RMSi) 

Fig. 16. — Output from Representative Detec- 
tors (with 20 PER CENT. MODULATION). 


in some suitable 
manner. Make sure 
that the detector 
anode is obtaining 
sufficient volts. The 
valve should have at 
least 30 and prefer- 
ably 50 volts actually 
on the anode, as 
otherwise overload- 
ing will occur quite 
easily. With resist- 
ance coupling or 
parallel feed follow- 
ing the detector, the 


voltage on the valve is often reduced below this value. The 


remedy is to reduce the value of anode resistance, so that the 


voltage drop is reduced. 


A further symptom of this detector overloading is a 
double hump effect in the tuning, this phenomenon t»eing illus- 
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trated in Fig. 17. The condenser appears to tune in the 
particular station at two distinct points, more or less close to 
one another according to the extent of the overloading. The 
reason for this is that as the signal strength increases when 
the circuit is brought into tune, so the rectification efiiciency 
increases until at some point, not the actual resonance point, 
the critical value is reached. As the circuit continues to be 
tuned in, the H.F. component increases beyond this critical 
value, and the L.F. component therefore decreases in accord- 
ance with Fig. 16. Beyond the resonance point, the decrease 
in the H.F. component causes an increase in the L.F. com- 
ponent until the critical value is again reached, after which 

the circuit behaves normally. 

A The effect, therefore, is to obtain 

a double-humped resonance 
curve, the peaks of which move 
farther away as we increase the 
input to the detector. 

These two symptoms are 
^ usually sufiicient to locate de- 

I — tector overloading, although the 

Setting or Tuning Dial trouble may occur without the 

Fm. I^.-ILLUSTRAXIN.. DocBLE- ^ecoud symptom, i.e. only the 


Fig. 17.— Illustrating Double- T 

Hump Tuning due to Detector accentuated SlDllants may be 
Overloading. observed. If an approximate 

idea of the actual voltage applied 
to the detector can be obtained, then the data given in 
Fig. i6 will indicate at once whether the valve is likely to 
be overloading or not, for the valves referred to are repre- 
sentative t3rpes. 

The only remedy is to reduce the input in some suitable 
manner, either by inserting a wave trap to reduce the strength 
of the interfering station, or by incorporating a volume control 
on the H.F. stage, if any, of such a character as to reduce the 


magnification of the H.F. valve, and so reduce the voltage 
applied to the detector stage. 

The second class of rectifier, the anode bend type, is insensi- 
tive to weak signals, but becomes progressively more sensitive 
to stronger signals since it obeys a square law. It has the 
advantage, however, that provided the voltage applied to the 
valve does not exceed the grid bias, no overlQ^^<^ng will take 
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place, and for strong signals 
the sensitivity is rather 
greater than that obtained 
from the grid rectifier. 

For obtaining good qual- 
ity reception, a large anode 
voltage is applied to the 
valve and the bias is so 
arranged that the valve is 
operated under condition 
shown in Fig. i8. It will 
be seen that the unmodulated 
carrier wave is such as to 
make the peak value lie ap- 
proximately in the middle of 
the “ straight line ” portion 
of the characteristic to the 



Fig. iS. — Illustrating Linear Recti- 
fication WITH THE Anode Bend 
System. 


left of the zero grid bias line. If we modulate the carrier we 
now cause increases or decreases in the peak value of the 
current, but as the modulation is only partial in the great 
majority of cases, 20 per cent, to 30 per cent, being the custo- 
mary figure in this country, the variations in the H.F. input 
take place over the straight portion of the characteristic, and 
the rectification, therefore, is linear. 

This is satisfactory provided that one can apply a fixed 
strength of signal to the rectifier. If the signal falls below 
the critical value, one immediately runs into the curved portion 
of the characteristic and distortion results, while if the value 


is excessive, grid current will flow and distortion will again 
result. This particular form of rectification, therefore, is 
somewhat critical and liable to give rise to trouble, unless in 


the hands of an expert. 


OSCILLATION IN L.F. AMPLIFIERS 
We now come to the last form of trouble in amplifiers, 
namely continuous oscillation. This may be of various types, 
the oscillation ranging from a high-pitched whistle to a very 
low frequency ‘'popping'' often referred to as ''motor- 
boating," owing to the similarity of the noise to the exhaust 
of a motor-boat engine. 

Oscillation may arise due tP actual coupling between the 
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various components. Low-frequency components, as a rule, 
are mounted on iron cores, and therefore the fields are confined. 
Nevertheless, it is possible with a circuit which is operating 
somewhat eflaciently, for stray fields to leak back from the 
end of the amphfier to the beginning and set up a continuous 
oscillation or a tendency thereto. The difficulty is largely 
overcome by shrouding the components in iron cases or by 
earthing the iron core so that inter-action is only experienced 
in a very limited number of cases where the components have 
to be crowded together in a very confined space. 

As a rule, therefore, it is better to test for other forms of 
trouble, before suspecting that this is the cause, but if tests 
appear ”to indicate that interaction is at- the bottom of the 
trouble, the only remedy lies in the redisposition of the com- 
ponents. If the removal of one component and its recon- 
nection some 2 ins. or 3 ins. away from its former position 
ehminates the difficulty, then the trouble is due to interaction 
and a suitable permanent position must be found for the 
component at which this interaction is minimised. 

Battery Coupling 

By far the most common trouble in low-frequency ampli- 
fiers is what is known as battery coupling. The circuit shown 
in Fig. 19 illustrates a two-valve amplifier, and it will be seen 



Fig. 19. — Illustrating Battery Coupling. 


that the low-frequency currents having passed through the 
first valve and through the primary of the transformer return 
to earth through the battery. The voltages induced by these 
currents in the transformer are apphed to the grid of the 
second valve and in turn we have a series of amphfied currents 
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set up ill the anode circuit of this valve. These currents in 
turn pass through the battery. 

Now the battery is not of negligible resistance. It has a 
certain internal resistance which may be only a few ohms to 
start oh with, but it may rapidly rise in practice to many 
hundred ohms. The currents in the last valve circuit 
passing through the battery develop a voltage across this 
internal resistance. This battery, however, is also a part of 
the anode circuit of the first valve, and therefore, these voltages 
are introduced into that circuit as well, setting up currents 
which will flow through the transformer primary in addition 
to the legitimate currents existing therein. 

These additional currents must be either in opposition 
to or in assistance of the current already there. They may 
not be directly in or out of phase, in fact they are not likely 
to be, except in isolated instances, but their general tendency 
will be either to oppose or assist the existing legitimate cur- 
rents. If they oppose, then the overall amplification of the 
circuit is reduced, while if they assist, the amplification is 
increased. The effect is cumulative, for increased ampli- 
fication means more voltage applied to the last valve, more 
current through the battery, and consequently more feedback, 
and in quite a large number of cases the feedback is sufficiently 
great to cause a continuous oscillation. 

The frequency of this oscillation depends upon the character 
of the common impedance. If it is a high tension battery, 
the oscillation is usually in the form of a high pitched whistle. 
In the case of a mains unit, which contains inductance and 
capacity in its smoothing circuit, the oscillation is usualty 
of a much lower pitch and has a frequency of 3 or 4 per second 
only, whence the term motor-boating is derived. 

It can be shown mathematically that with an even number 
of valves, 2, 4, 6, or more, the feedback is in a positive direction, 
tending to produce self-oscillation whereas with an odd num- 
ber of valves, the feedback is negative. Positive feedback 
may still occur, however, between two adjacent valves. 

The maximum decrease is limited to something like 20 
per cent., but the fact remains that it varies with the frequency 
and, therefore, introduces distortion. In either case -we must 
avoid this feedback, if we wish to obtain the most satisfactory 
results. The methods of combating the trouble are the same 
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whether the feedback is positive or negative, and are thus 
applicable to all forms of circuit. 


De-Coupling Circuits 

The method in general use is to provide filter circuits 
whereby the low-fre<puency currents do not pass through the 
battery or mains unit as the case may be. A simple method 

of achieving this on a two- 


iH.T valve amphfier is shown in 

[ Fig. 20. In the first case we 

^ use a choke-output circuit, 

g 20-30H. anode circuit of the out- 

S put valve contains a high 

I y c inductance choke of about 20 

(- ) I I henries inductance, while low- 

1 1 1 frequency currents are by- 

! 0^5 passed through a large con- 

9 ' ' denser (about 2 /xF) and thence 

1 to the loud speaker. The low- 

„ ^ freauencv choke resists the 

passage of the L.F. currents, 
while, of course, the fixed condenser prevents the high 
tension battery from being short-circuited through the loud 
speaker. Thus we have a separation of the currents into their 
two distinct classes. The high-tension feed is obtained 
through the choke, and the low-frequency currents pass 


Fig. 20. — Choke Output Circuit. 


through the loud 
speaker where we 
require them. Since 
the L.F. currents do 
not go through the 
battery now, they 
do not develop the 
voltages and battery 
coupling is avoided. 

A somewhat 
similar method is 
shown in Fig. 21, 
where the filtering is 
applied to the first 



valve. A 50,000-ohm Fig. 21. — Resistance-Capacity Filter. 



■f- 



LOW FREQUENCY TESTS 



47 

resistance is connected in series with the H.T. supply, and the 
junction point between this resistance and the normal circuit 
is by-passed to earth through a large condenser of 2,uF. The 
low-frequency currents having passed through the primary of 
the transformer prefer to go through the 2 aiF condenser to 
earth since this only has a reactance at loo cycles of 800 ohms, 
which is much smaller than the 50,000-ohm resistance. The 
voltage apphed across the whole circuit must, of course, be 
the fuU amount in order to allow for the voltage drop in the 
50,ooo-ohm resistance. Otherwise the valve wall not obtain 
adequate voltage on the anode itself. 

Choke de-coupling may be used on the earlier stages as 
well as on the last stage if necessary, and both derdces may be 



Fig. 22. — 3-Stage De-coupled Amplifier. 


resorted to concurrently. Fig. 22 shows a 3-stage amplifier 
in which each stage has been de-coupled, the first two with 
resistances and the last with a choke. 

If, therefore, a whistle is obtained in a low-frequency 
amplifier, battery coupling is one of the first things to suspect. 
It may be cured by de-coupling the circuit in the manner 
already described, and in fact, any amplifier which is not so 
de-coupled will be improved in performance provided fthe 
de-coupling is carried out in a satisfactory manner. It may 
perhaps be remarked, in passing, that distortion produced by 
battery coupling is not indicated by a milliammeter, whereas 
distortion due to overloading is indicated at once by the lack 
of steadiness in the anode current. 

Battery coupling is not only troublesome in low-frequencj^ 
stages, but also in high-frequency circuits, and the methods 
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of de-coupling in H.F. circuits are dealt with in Chapter V. 
It is relevant to remark, however, that if the same battery is 
irsed for both high-frequency and low-frequency stages, as is 
nearlv alwavs the case, high-frequency voltages set up by the 
H.F. currents flowing through the battery are introduced into 
the iow-frequency stages and this is another means by which 
H.F. currents can be introduced into an L.F. amplifier. The 
only method of keeping them out is to treat them at the H.F. 
portion bv de-coupling the H.F. stages, and in order to ensure 
that no trouble is being experienced in this direction, it is 
desirable to disconnect the H.F. stages or render them inopera- 
tive by taking out the H.F. valves when checking over the 
amplifier in order that one shall not obtain conflicting effects, 
tending to mask the real source of difficulty. 


SUMMARY 

1. Amplifier refuses to function. — Check anode current, 
noting that each valve takes its due share. Check the voltage 
on each circuit from H.T. Battery down to anode of each 
valve, working progressively backwards till the fault is dis- 
covered. 

Alternatively, or in addition, test each stage in turn on 
signals working from the input to the output, if the radio 
portion is in order, or working back from the output end with 
a gramophone pick-up. 

2. Amplifier howls. — Suspect broken grid circuit. Other- 
wise probably battery coupling. Find by elimination which 
stage is causing trouble. Use new battery or de-couple stages. 

N.B. — A whistle may be caused by high-frequency energy 
in the L.F. stages. Adopt customary precautions to obviate 
this. 

3. Amplifier operates with bad quality. — If reproduction is 
strangled or choked, suspect broken grid or complete break 
in a vital portion of the circuit. If quality is thin and reedy 
suspect presence of high-frequency energy. Examine values 
of components replacing where necessary temporarily. Dis- 
criminate between bad quality and overloading. Test for 
the latter with milliammeter. If no obvious fault, suspect 
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battery coupling and adopt usual remedy. Ensure detector 
is not overloading. Measure voltage on detector. Increase 
if necessary. 

4. Amplifier operates with little power . — Check every com- 
ponent through systematically, including valves. 








CHAPTER IV 

Tuning Tests 

Having proved the low-frequency side of the set to be satis- 
factory, attention may be turned to the H.F. side for the 
location of the fault. In this region one of the most useful 
accessories is the wavemeter, which was described in Chapter I, 
This is sim ply a source of high-frequency ener^ which may 
conveniently be introduced into the circuit at different points 
in order to ascertain whether each portion of the circuit is 
working correctly. It takes the place of the gramophone 
pick-up in the low-frequency section. 

In many cases, however, it is possible to locate the fault 
without having recourse to the wavemeter, use being made of 
the transmission from the local broadcasting station which is 
usually of sufficient power to enable one to obtain adequate 
voltage for testing. As in the low-frequency stages, a system- 
atic testing of the functioning of each portion of the circuit, 
working backwards in this case from- the detector valve to the 
front of the set, is the only method of procedure. One very 
important difference, however, may be emphasised, and that 
is that the alteration of connections may make a very material 
difference to the operation of the set. 

Effect of Alterations on Circuit 

To take a practical example, a convenient test and one 
with which I usually start myself in any high-frequency circuit 
which is not functioning correctly, is to connect the aerial 
system through a small condenser to the grid end of the 
detector tuning circuit. This operation will be described 
shortly. The point to be emphasised is that this very action 
will completely alter the tuning of the detector circuit. 
Therefore, in interpreting the results obtained from this test, 
due allowance must be made for this factor. 
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Small capacity effects are of great importance at high 
frequencies, and one has, in general, a more elusive form of 
energy to deal with prior to the detector. A little more 
thought, therefore, is usually required in locating high- 
frequency faults in order to interpret correctly the results 
obtained from the various tests. 

Now let us discuss, as we did in the low-frequency case, 
one or two hypothetical cases. We will take first of all a 
simple detector 
circuit in which 
there is only one 
tuning circuit in 
front of the de- 
tector. Let us 
assume that the 
circuit is of the 
form shown in 
Fig. 23, from 
which it wiU 
be seen that the 
aerial is coupled 
by means of an 
auxiliary wind- 
ing to the tuned 
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Fig. 23,-— Simple Detector Circuit' 


circuit itself. A reaction coil is coupled to the tuned wind- 
ing, the reaction effect- being controUed by means of a 
variable condenser. 


There are numerous faults which can apply in a circuit of 
this type. It may, for example, refuse to function altogether, 
it may function weakly or the trouble may lie in the reaction 
circmt so that one can obtain the local station but no foreigners 
or distant reception. The method of procedure is the same 
fhroughout, that is to say a gradual elimination of the various 
faulty parts of the circuit. 


Checking the Tuning 

First of all, the thing is to test out the tuning circuit. 
Remove the aerial from its terminal and connect it through a 
•0001 fiF condenser to the grid end of the tuned circuit— the 
point marked A in the diagram. The object of using a *0001 
uF condenser is to reduce the capacity of the aerial, for the 
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aerial is now connected across the whole circuit. The aerial 
has a certain capacity, usually lying between -0002 and 
■0003 ijF, and the efiect is to alter the tuning of the main 
condenser which is usually only -0005 and may be even 
less. If one requires to tune in a station which normally 
needs a capacity of, say, -00015 ^F only, then the connection 
of a large condenser of, say, -00025 across the whole circuit 
due to the aerial wiU, of course, prevent the circuit from 
tuning altogether,! for even in the minimum position of the 
variable condenser we are unable to reach such a small capacity 
as -00015 /xF. 

The insertion of a -0001 /i,F condenser in series with the 
aerial reduces its effective capacity to something like -00007 /«F 
or even less, depending upon the aerial capacity, and this does 
not have too serious an effect upon the tuning of the circuit. 
One cannot achieve the same minimum which would other- 
wise be possible, but provided the station required normally 
tunes in about the middle of the scale, it wiU still be found 
possible to tune it in, although it will now be some 20 or 30 
degrees lower in its tuning position. 

With aerial and earth connected in tliis manner, the circuit 
should receive signals from the local station without any 
difficulty, even if the reaction circirit is not functioning satis- 
factorily. If the local station is too weak, or is not available, 
then bring the buzzer wavemeter into play, and tune it to a 
wavelength in the neighbourhood of 400 metres. Then on 
bringing the wavemeter near to the detector circuit, no diffi- 
culty should be experienced in tuning in the note from the 
buzzer. 

Connections to Detector Valve 

If no reception can be obtained in this condition, either 
the tuning circuit itself is at fault, or the connections between 
the tuning circuit and the detector valve are incorrect. Check 
the grid condenser, and make sure that this shows an open 

1 It must be remembered that when two capacities are both, across the 
same circuit, in parallel as it is called, the total capacity is the sum of the 
two individual capacities. 

Similarly if two capacities are placed in series, the resultant capacity 
is smaller than either of them and is given by the expression : 

C ~ c, C, 
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circuit, indicating that the condenser is not short-K^ircuited. 
This does not, of course, show whether the condenser itself is 
sound, for a complete break inside the condenser would give 
just as good an indication on this form of test as a proper 
condenser. In order to ensure that the condenser is really 
satisfactory, an additional condenser of say *0002 juF capacity 
should be connected across the grid blocking condenser, that 
is to say, in parallel with the condenser C2 in the figure. If 
the original condenser has broken -down, this condenser will 
take its place and rectification will be produced. If, on the 
other hand, the condenser was all right, this condenser wdll 
have no effect so that a positive indication is obtained one way 
or the other. 

Assuming that by this method we have proved the grid 
condenser circuit O.K., then attention should be turned to 
the tuning coil. Test the continuity of the coil (see Appendix). 
If this is broken, then the damage must be found and repaired. 
See that the coil is correctly connected to the tuning con- 
denser and check the insulation of the condenser by seeing 
that it registers an open circuit on the continuity tester. For 
this purpose, of course, the coil must be either removed or dis- 
connected as this, being normally connected across the con- 
denser, will cause a short circuit indication to be obtained 
unless it is removed. If the condenser does not show an 
open circuit when tested in this manner, then the plates are 
touching somewhere or some other short circuit exists across 
the condenser, and this should be located and removed. 

When all these points have been looked to, no difficulty 
should be experienced in tuning in either the local station or 
the buzzer signals, according to circumstances, and This 
indicates that the tuning circuit is correct. 

Checking Reaction 

The next procedure is to check out the reaction control. 
If this does not function, then the coil should be tested for 
continuity, and also for direction if it is visible. If it is not 
visible, then the only test which can be made is to reverse the 
leads to the coil and see if any better results are obtained. 
Where the coil is visible, however, it is always possible to 
check it by the following simple rule. The winding on the 
grid and anode coils should be continuous in direction. For 
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example, if one starts at the grid point of the circuit and the 
winding goes clockwise to the filament, then it should continue 
to go clockwise from the filament (or H.T. +) to the anode. 
If the winding goes clockwise as far as the filament, and then 
the reaction coil traced from the filament (or H.T.) end to the 
anode end, goes in the opposite direction, the winding is in 
the wTong direction to produce oscillation. 

Where plug-in coils are 
used, the diagram shown in 

Fig. 24 gives the correct con- 

Cj © nections of the coil holders 

to produce reaction. This 
is very handy, and will save 
/^//3yr?e/?t ^ difficulty. 

Fig. 24. — Connections to Plug-in Coil grid Coil is 

Holders for Correct Reaction. shown going tC'» filament, 

which is the correct connec- 
tion where anX coil is used (except Igranic — see later), but 
actually either coil holder may be turned round at will, 
provided the connections remain as shown and are not 
reversed also. 

If the coil is correctly connected and is continuous, then if 
nothing happens at all, the circuit is broken at some point 
or another. If the reaction effect tends to increase signals, 
but is weak, then a larger value of condenser should be used 
to control the oscillation. Alternatively in the case of a 
swinging coil reaction, a larger coil should be used or a by- 
passing arrangement should be inserted (see page 57). 

Having obtained the tuning circuit and the reaction 
circuit correct, it now remains to see that the aerial coil is 
right. Remove the aerial from its present position and con- 
nect this to its proper terminal, removing the 'oooi /xF con- 
denser. Results should now be satisfactory, but if they are 
not, then test the aerial coupling coil for continuity. It must 
be remembered, of course, that with a coupled aerial circuit, 
the results are usually distinctly weaker than with the aerial 
coupled straight on to the grid end of the coil through a ‘oooi 
condenser. It is possible with a coupled aerial winding 
to get much the same strength as with a *0001 juF condenser, 
but it is more usual to arrange matters to give rather less 
strength than this in the interests of selectivity. Therefore, a 
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certain drop in signal strength may be anticipated, but if the 
drop is serious, the aerial coupling is insufficient, or, possibly, 
too great since too many turns give the same effect. 


Incorrect Tuning 

It may be found that the circuit does not tune correctly 
when the aerial is connected to its proper terminal. This 


usually indicates that the aerial 
coupling coil has become con- 
nected to the wrong end of the 
tuning coil. If this is connected 
to the grid end, then it is clear 
that the aerial capacity has been 
connected across the whole coil, 
as in Fig. 25, and as has 
already been pointed out, this 
completely spoils the tuning 
properties. 

Difficulties of this nature are 



Fig. 25, — If the Aerial Coil is 
Connected to the Wrong End 
OF THE Secondary Coil the 
Tuning will be Upset. 


often obtained with X-tapped 

coils, the coil being so arranged that the X-tapping is at the 
wrong end of the coil. The circuit shown in Fig, 26 illustrates 
the correct method of connection of the coils so that the 

tapped portion shall be at the 
bottom end of the coil, which is 
what one requires. This is the 
standard connection as used by 
Lissen, Lewcos,. Atlas and many 
other plug-in coils. The Igranic 
plug-in coil, however, follows the 
‘filament opposite convention, and this is a 
point which must be borne in 

Fio. .6.-C0RKECX CoNNEc- The connections, there- 

TioNs FOR X Coils. Plug of fore, for an Igranic plug-m coil 



Coil Holder is Connected to reverse of those shown in 

Fig. 26, but this is the only weU- 


known make which is different from standard. 

Other difficulties which can occur with quite simple variants 
of the simple circuit shown in Fig. 23 will readily suggest 
themselves to the reader. For example, in many cases, one 
side of the reaction coil is permanently connected to one side 
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of the tuning coil. If by any chance this coil is connected 
the wrong way round, so that the grid end is connected to 
earth and vice versa, not only will the aerial coil be wrong, as 
already mentioned, but the reaction will obviously be incorrect, 
and although the reaction coil gives a “ continuous test and 
the remainder of the circuit appears to be in order, the results 
will clearly not be satisfactory. 

SEPARATION OF H.F. AND L.F. 

The detector valve itself is a fruitful source of trouble, 
for here the H.F. currents are rectified, giving rise to low- 
frequency variations in the anode current. These latter 
variations we utilise and apply in the L.F. stages, while the 
H.F. currents are no longer required and must be sidetracked. 

The detector valve, therefore, must be an efficient ampli- 
fier of both forms of current, and the anode circuit must 
contain two paths, one of easy access to the L.F. currents, 

yet presenting a high 
LF. & H. TT impedance to the H.F. 

energy, and the second 
doing just the oppo- 
site. 

In many cases the 
provision of an easy 
path for the H.F. 
current is overlooked, 
which gives rise to 
Fig. 27. — Separation of H.F. and L.F. instability or poor 

quality in the L.F. 
stages, and prevents the detector from developing its full 
efficiency. 

The simplest method of separating the two types of current 
is showm in Fig. 27, where a divided circuit is employed. The 
L.F. currents pass through the main circuit, which contains a 
high-frequency choke to act as a barrier to the H.F. currents. 
These, therefore, pass through the by-pass circuit — a small 
condenser between anode and L.T — . This condenser must 
have a value sufficiently high to provide a ready by-pass action 
while' being small enough not to affect the L.F. appreciably. 
A value of -0002 /ttF is usually satisfactory. 
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Reaction Circuits 

Instead of deliberately wasting this energy we may make 
use of it to provide a certain amount of reaction, and this 
gives rise to the capacity-controUed reaction arrangement in 
common use. The energy is not shunted directly to L.T.— , 
but is passed through a small coil suitably coupled to the tuning 
coil. At the same time, in order to control the ainount of 
current which flows in this circuit, the condenser is made 
variable. If this is very small, then only a small current flows 
and little reaction effect is obtained. As the capacity is 
increased, more and more current flows, giving an increasing 
reaction effect, always assuming that the coupling coil to be 
in the right direction. 

In general, however, the amount of current required for 
the production of a reaction effect is not sufficient to by-pass 
the high-frequency energy completely, and therefore it is 
desirable either to include an additional condenser from anode 
to L.T.—, or alternatively to use a differential reaction con- 
denser. This latter device is a double condenser so arranged 
that as one capacity increases the other decreases. One portion 
is used to control reaction effect, while the other is used as a 
by-pass between the anode and L.T. — . The net result is that 
the total by-passing of the high-frequency energy either 
through the reaction circuit or through the direct path is 
constant. 

Moving coil reaction is often employed instead of capacity- 
controUed reaction. 

With this system, 
however, the high- 
frequency currents, 
after passing 
through the re- 
action coil, must 
have a suitable *7“ t 

easy path to earth, g 9*“ 

When they reach — ^ 

the transformer pri- 28. — Illustrating use of By-pass 

mary , they are held Condenser Across Transformer. 

Up by the induct- 
ance of the winding. The only route available is the relatively 
high-impedance path afforded by the self-capacities in the 
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circuit. To provide an adequate path for the current, a con, 
denser should be connected across from the anode end of the 
transformer primary to L.T.— as shownin the circuit in Fig 28 
The connection of a condenser in this manner across the 
transformer will often be found to make a circuit oscillate 
where in the ordinary course of events it will not do so." 

This tip is useful in connection with many dual-range 
tuners, where a number of sections of the coil are all wound 
on the same former, certain portions being short-circuited 
by ineans of the switch, in order to tune to the lower wave- 
lengths. A common reaction coil is usually provided in this 
class of tuner, and the vending has to be rather delicatelv 
proportioned so that it will be sufficient for the coil with its 
maximum inductance and yet shall not be too fierce when the 
coil is adjusted for the shortest wavelengths. Loss of reaction 
IS qmte a common experience with this class of tuner and the 
connection of a condenser across the transformer primary will 
often be found to clear up the difficulty altogether. 

H.F. Chokes 

separating arrangements may 
^ve rise to a considerable amount of trouble, if the circuit 

arii? principal difficulties 

arises from inadequate high-frequency chokes. An HE 

.f ective, must have a high inductance and a 
bTthe SSr problem is aggravated in this country 

Siilw ^ ^ we have to cover a large band of wavelength 

ranging from 200 to 2,000 metres, and the production of a 
exercising a high impedance over the whole 
skUL ^ ^ requiring a certain amount of designing 

buUUs^^i^Sr^'?' jsoften spoken of as an inductance, 
out It IS incorrect to regard it in this light. It is admittedlv 

St”^ 2 low-frequency current^ 

which the self particular frequency at 

MiSafce the winding resonates with the 

inductance. At this point the maximum choking effect is 

lotrS' ^ frequencies above this point (wfvefenihs 
ower than the resonant wavelength) the arrang^t acts 
to an extent an a smSl apacity. Sr^miSS 
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value of this capacity is the self-capacity of the choke itself, 
which in a good sample is of the order of two or three /x//F 
only. Thus a good high-frequency choke under working 
condition is really a very small capacity which has the 
property of allowing the direct current or low-frequency 
current to flow through it. 

For a choke to be really satisfactory in practice its induct- 
ance must be at least 100,000 microhenries, and preferably 
more, and this self-capacity should not exceed three or four 
/x/xF. 

The evils which result from the use of an inadequate choke 
are many and varied. One of the first is the failure to pro- 
duce a sufficient reaction effect. The second result often 
encountered is that the reaction circuit has what is sometimes 
known as holes.'" These are spots where the set refuses to 
oscillate or alternatively where it oscillates very violently 
and uncontrollably. These usually indicate that the main 
resonant point or some very strong harmonic resonant point 
of the choke has occurred within the wavelength range being 
received. 

Another difficulty brought on by the use of an inadequate 
choke is low-frequency growling. This is more particularly 
noticed when the circuit is brought to the threshold of oscil- 
lation, when a very unpleasant growling is set up, which 
prevents the circuit from being used in a sensitive condition. 
The trouble is due to high-frequency energy being passed 
into the L.F. stages and although it can sometimes be cured 
by taking certain precautions in the low-frequency stages, 
the best cure is by the alteration of the choke itself. 

In many manufactured sets the use of a really adequate 
choke is avoided on the score of cost. If the designer is 
thoroughly conversant with his art, he can in many cases do 
this by making other components in the circuit assist 
him. Nevertheless this factor is one which can cause a 
great deal of trouble, particularly with home-constructed 
equipment. 

The present remarks are concerned more particularly with/ 
choke which is used following the detector valve in a receiver.; 
In the case of choke-coupled high-frequency stages, the prob- 
lem is somewhat different, and this point will be discussed in 
the next chapter. 
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Backlash 

An effect which may be experienced with tuning circuits 
is backlash or '' ploppy reaction. The former is the effect | 
obtained when tlie points at which the set commences and 
ceases to oscillate do not coincide. As the reaction control 
is increased the circuit will oscillate at a certain setting, but 
the control must be retarded several degrees before the oscil- I 
lation ceases. “ Floppy '' reaction is a milder form of the 
trouble in which the oscillation starts suddenly, whereas for » 
best results the amplification should be capable of being I 

increased gradually and progressively until the circuit gently | 

slides into oscillation. I 

The avoidance of these undesirable features is largely a 
matter of design, but conditions can be improved by altering i 

the value of the grid bias applied to the detector. Where i 

grid rectification is employed, the grid leak (or circuit return) 
should not be taken to L.T.+ as is usual, but should be con- 
nected to a potentiometer across the filament circuit and only a 
fraction of the full voltage applied. Usually about one quarter 
to one half of the fuU L.T. voltage will be sufficient to give a > 
combination of good strength and smooth reaction. 

Broken Grid 

I am not a believer in the use of tabulated tests, from 
which one can diagnose faults by the noise which emanates 
from a receiver, when one pokes a finger on to various vital 
points. The systematic application of commonsense may be , , 
less romantic, but it is safer. There are, however, a few 
simple effects which may be mentioned as time savers. 

Firstly, a broken grid circuit on a detector valve is usually 
accompanied either by a definite howl or squeal or by an | 
increased sensitiveness to extraneous disturbances. If there 
is any electric light in the house, the peculiar humming noise i 
known as mains hum"’ will almost certainly be picked up : 
quite strongly. The ^d circuit is lively, and if the grid 
terminal of the valve is touched a shriek is usually set up. l 

Similar symptoms are experienced if the grid leak is of 
too high a value. 

Oscillation Tests 

A rough and ready test for oscillation is often useful. 
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Touch the grid terminal or grid side of the tuning condenser. 
A loud click will be heard in the loud speaker or telephones 
if the circuit is oscillating, but otherwise only a soft plop 
wiU result. This test is often useful in a set with several 
H.F. stages, one of which is oscillating, w^hen it will show^ 
which circuit is offending. 

This test depends on the fact that the anode current changes 
when the circuit oscillates ; the placing of the finger on the 
grid or live side of the circuit stops it oscillating, and therefore 
causes a sudden change in anode current. A more scientific 
test is to place a milliammeter in the anode lead of the par- 
ticular valve and to note the anode current. This wiU nearly 
always change considerably when the circuit commences to 
oscillate. In some cases (such as an H.F. valve) an increase 
results, while in othei's — notably a grid detector — the current 
will decrease. 


SUMMARY 

1. Circuit fails to tune , — Couple aerial to circuit directly 
through -0001 ^F condenser, or alternatively use buzzer 
wavemeter. If circuit still fails to tune, investigate circuit 
for disconnection. If circuit is found O.K., trouble lies in 
system utilised for coupling to the circuit (i.e. aerial coupling 
system, or primary if an H.F. transformer). 

2. Circuit tunes, but strength is weak . — Connections betw^een 
tuned circuit and valves are defective. Alternatively the 
valves themselves are defective. 

3. Circuit tunes, hut in wrong manner . — Fault in circuit 
is due to presence of additional capacity or other extraneous 
influence, such as switch not working correctly on a dual- 
range coil. See that the coil is connected the right way round. 
Isolate coil from the circuit as far as possible, leaving it con- 
nected to the valve only. Check tuning with wavemeter, or 
with aerial connected through a -oooi /4F condenser. 

4. IVo reaction . — ^Reaction circuit wTongly connected or 
faulty. Alternatively detector at fault or too heavily by- 
passed. 

5. Threshold howling . — ^Inadequate H.F. choking or inade- 
quate by-passing. Operating point on detector valve may 
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be changed with advantage by altering grid leak or connecting 
to a potentiometer across the filament. 

6. Backlash or ploppy reaction. — Grid potential wrong. 
Connect grid leak or circuit return to suitable point on potentio- 
meter across filament circuit. Alternatively reduce H.T. volts 
on detector. 

7. Undue pick-up of interference accompanied ly weak 
signals.— Broken connection between tuning circuit and valve. 
Alternatively too high value of grid leak. 




CHAPTER V 
High Frequency Tests 

We have discussed the simple tests to be made on a single 
circuit receiver incorporating a detector valve followed by 
low-frequency stages. In many cases high-frequency ampli- 
fication is employed prior to the detector stage, and various 
faults may arise in this portion of the receiver. The high- 
frequency amplification employed may be of two general 
kinds : 

1. Tuned amplification, in which the various stages are 
individually tuned to the signal being received. 

2. Untuned, in which case the circuit has no specific tune, 
but may be arranged to give some form of broad resonance 
within the frequency band under consideration. 

The former type of circuit is utilised in the general run of 
receivers intended for operation on external aerial systems, 
while the second type is commonly employed in portable and 
transportable receivers. The methods of operation of the two 
classes of circuit are somewhat different, so that they are best 
considered separately. 

TUNED AMPLIFICATION 

Turning our attention, therefore, to the tuned variety of 
circuit, there are again two forms of circuit. In one, a standard 
three-electrode valve is employed, with some form of neutralis- 
ing or stabilising device. In the other the necessity for this 
is obviated by the use of a screened-grid valve. The methods 
of testing are similar, but the former case requires certain 
special additional tests. We will, therefore, deal with the 
matter primarily from the point of view of the screened-grid 
valve, and wiU consider the neutralised triode afterwards. 

Let us consider first one of the simplest forms of a tuned 
anode circuit utilised with a screened-grid valve. This is as 
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shown in Fig. 29. We have, of course, two tuning circuits 
to contend with, the first in the grid circuit of the valve, and 
the second in the anode circuit, the voltage developed across 



Fig. 29. — Simple Tuned Anode Circuit with S.G. Valve. 

this second circuit being transferred to the detector valve. 
The faults which we can encounter here may be divided into 
two classes : 

1. The circuit refuses to function satisfactorily. 

2. The circuit is unstable. When the circuits are brought 
into tune, the arrangement bursts into oscillation. 

We will consider the two possibilities in turn. As a general 
rule one can obtain some idea of the location of the trouble 
by the behaviour of the circuit. It is often found, for example, 
that one circuit appears to tune satisfactorily, whereas the 
other does not. This saves a certain amount of trouble in 
locating the cause of difficulty, for it is the. circuit which fails 
to function correctly, or some portion of the circuit immediately 
associated therewith, which is defective. Assuming that no 
such short cut is possible, however, the method adopted must 
be the standard process of elimination. 

First of all remove the H.F. valve from its holder, discon- 
necting the lead between the anode of the valve and the coil. 
It may perhaps be remarked in passing that this lead is con- 
nected through the circuit to H.T. -f-, and care must be taken, 
therefore, to avoid a short circuit, if this lead is allowed to 
lie with its end free. 
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The circuit is now, to all intents and purposes, a simple 
detector circuit. It is a little unusual, in that the low potential 
end of the circuit is not connected to L.T. but to H.T.+. 
Provided there is a large condenser across the batter}’', 
however, this makes no difference to the operation of the 
circuit. We can use a wavemeter for testing or transfer the 
aerial from its normal position to a suitable point on the 
detector. This may be done by connecting the aerial through 
a *0001 fiF condenser, on to the grid end of the tuning coil 
(not to the grid of the valve). This will cause an alteration 
to the tuning, as mentioned in the last chapter, owing to the 
fact that the effective aerial capacity of some 70 to 80 ^fiF 
will be in parallel with the tuning condenser, but this is of 
little consequence for the purpose of the test. The circuit 
should then be tuned in the customary manner. It should 
tune over its appropriate wavelengths without difficulty, 
and the reaction control, if any, should operate cleanly and 
smoothly, causing a definite increase in the signal strength up 
to the point where the circuit slides into oscillation. 

If this is not so, the first thing to do is to make sure that 
there is an adequate by-pass across the H.T. circuit. This 
should be done by connecting a large condenser (i ^aF) across 
from the H.T.+ point on the coil to L.T.— . It should be 
emphasised that the condenser should be connected to the 
H.T. point on the coil itself, and not merely across the H.T. 
battery. This is of more particular interest in short wave 
work (see Chapter VII). 

If the difficulty still persists, the tuning circuit itself must 
be examined for faults in the manner already described in 
the last chapter. By analysing the circuit in the manner 
outlined therein, the cause of the difficulty may be located 
and remedied. 

If the tuning circuit in the detector stage is O.K., or if we 
have located and corrected a fault therein, the H.F, valve 
maybe re-inserted and connected up. It is assumed, of course, 
that the valve has been tested in accordance with the data 
already given (see Chapter II). The re-insertion of the H.F. 
valve completes the whole circuit, but it is as well to test the 
tuning of the detector stage once again, in order to ensure 
that the mere connection of the H.F. valve into position has 
not introduced some difficulty. Such things can happen 
F 
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owing to faulty valve holders or wires short circuiting or 
something of this nature. Such faults are not usual, but 
they are experienced and are aU the more bothering when they 
are encountered. Hence it is as well not to take anything 
for granted, but to make quite sure that the mere act of 
inserting the H.F. valve has not re-introduced the trouble. 

Assuming, however, that this is not the case, we can now 
turn our attention to the H.F. tuning circuit. It is advisable 
to tune the detector stage to some particular signal, and then 
endeavour to tune the H.F. circuit to the same signal. This 
it should do quite satisfactorily, but if it does not, then the 
tuning circuit itself is at fault. The same te^s must be 
applied as were detailed in the last chapter for the simple 
tuning circuit, and on this basis the faulty portion of the 
circuit should be located without difficulty. Working back- 
wards we can ensure that the tuning coil itself is correct, and 
ultimately we can connect the aerial system, completing the 
chain when everything should be satisfactory. 

LOSS OF POWER 

Perhaps the more difficult type of fault to locate is that in 
which the circuit only works in a half-hearted manner. One 
has to find out exactly where the trouble is seated, and then 
to rectify the mistake. We will assume that the difficulty 
has been located in the high-frequency stages, the L.F. stages 
having been eliminated by the processes already described. 
The detector stage should also have been eliminated, but it 
is as well to make sure of this point at an early stage of the 
proceedings. 

The decision as to whether the detector stage is functioning 
satisfactorily is a matter which can only be decided by personal 
knowledge. The operator will be aware from his own experi- 
ence of the performance likely to be obtained on a simple 
detector circuit followed by whatever low-frequency stages 
the particular receiver possesses. Thus, if we have a receiver 
having one resistance-coupled and one transformer-coupled 
low-frequency stage, then if the detector circuit is isolated 
in the manner previously described, the circuit becomes a 
straight 3-valye set. The strength at which the local station 
would be received on an arrangement such as this, the distant 
stations likely to be received and so on, will be known to the 
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operator, and no more definite test than this can be given, 
unless one is in possession of some standard form of signal 
for testing, such as is used in a laboratory as outlined in the 
second portion of this book. 

If the detector circuit is not found to be functioning satis- 
factorily, then one must exercise the same process of elimination 
to discover which component is faulty. Perhaps one of the 
most fruitful sources of trouble in the simple detector circuit 
is the failure to by-pass the high-frequency current adequately. 
In the last chapter the desirability of connecting a condenser 
between the anode of the detector valve and L.T.— was dis- 
cussed. Incidentally this condenser is not deleterious to 
reaction, and distinct increase in signal strength will usually 
be observed upon connecting such a component in circuit. 
For the detector to operate satisfactorily it must be a good 
amplifier, both of high-qnd low-frequency current, and the 
connection of a by-pass condenser in this manner assists the 
detector in its amplification of the high-frequency component. 
The value should not exceed *0003 julF, as otherwise there is a 
danger of shunting an undue proportion of the upper low 
frequency currents. 

Another source of difficulty in the detector stage is the 
grid leak, if grid detection is being employed. If this is of 
too low a value, the signal strength may suffer considerably, 
and no harm is done by changing the leak. It is sometimes 
desirable to ensure that the insulation of the grid condenser is 
satisfactory, and this may be done by isolating the condenser 
temporarily and putting across it the standard test for grid 
leaks (see Appendix). If there is any leak across the circuit 
this will show up at once. 

Checking the H.F, Amplification 

If we assume, however, that the detector circuit is O.K. 
or has been made to operate satisfactorily, and if the results 
of the whole circuit are still not up to standard, then we must 
make some test on the amplification being obtained from the 
screen-grid valve. This again can only be done in a compara- 
tively crude manner, unless one has laboratory apparatus at 
one's disposal. The simplest method, howwer, is to use the 
signals from the local station for the purpose of test, assuming 
. that this station is sufficiently close for the transmission to 
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be constant. Use a small aerial system consisting of a short 
length of, perhaps, 2 ft. to 6 ft. of wire, and connect it directly 
to the grid end of the detector circuit. A length of wire 
should be so chosen that in this position the local station can 
jtisi be tuned in, preferably without any reaction. 

Now transfer this short aerial to the high potential (grid) 
side of the H.F. circuit. The local station should now be 
capable of being tuned in at good strength, and there should 
be a distinctly marked increase in the volume, due to thei 
amplification obtained from the high-frequency stage. If 
this is not so, all the various components in the H.F. stage 
must be examined in detail in order to find which component 
is causing the trouble. In cases where the fault is not im- 
mediately obvious, it is a good plan to disconnect the tuning 
system altogether, and to connect up entirely separate tuning 
circuit external to the receiver. This may be made with a 
plug-in coil and an external condenser, and should be con- 
nected across the grid and filament of the H.F. valve in the 
customary manner. If the signal strength received on this 
arrangement is good, whereas on the standard arrange- 
ment it is poor, then somethipg is incorrect in the tuning 
circuit itself, and a little experiment should bring to light the 
defect. 

If loss of power is stiU evident after all the normal tests 
have been applied without bringing any defect to light, the 
inefficiency is probably due to battery coupling and the 
remedies discussed later in this chapter should be tried. 

These remarks will give a general idea as to the method 
of testing an H.F. stage. Whether there is a definite fault or 
whether the amplification is poor, the methods should be of 
the nature outlined. The same remarks apply to a number 
of H.F. stages. Moreover, the same procedure is applied 
whether we are using a screen-grid valve or a neutralised 
triode. 

H.F. Transformers 

The circuit considered was a simple tuned-anode arrange- 
ment only. The methods adopted are little different if a 
tapped coil or an H.F. transformer is employed. A little 
more care must be taken in the process of elimination to avoid 
jumping to conclusions. For example, let us consider the 
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H.F. transformer arrangement shown in Fig. 30, which differs 
in several particulars from that of Fig. 29. 

The first step is to test the detector circuit as before. 
Connect this aerial through a -oooi /jF condenser to the grid, 
side of the coil and see that the circuit tunes satisfactorily. 

50,000 ohms 



Fig. 30. — H.F. Transformer Arrangement with S.G. Valve. 

The strength will probably be poor^ owing to the anode-bend 
rectifier. Then transfer the aerial directly (without the series 
condenser) to the terminal to which the anode of the valve is 
normally connected. (The H.F. valve must, of course, be 
disconnected all through this test.) This should give a similar 
signal unless the transformer is of the dual range variety, having 
only one primary for both wavebands. In this case the aerial 
capacity may tune with the primary winding to give a nais- 
leading effect. To avoid this difficulty, the test should be 
made on the long waves when the arrangement should behave 
satisfactorily. In any case some indication will probably be 
obtained as to whether the primary winding is working or not. 

If any doubt is experienced on this score, as a result of 
such a test or for any other reason, the arrangement should be 
converted temporarily to a plain tuned-anode circuit, which 
may be done in the following manner: The connection from 
the anode of the H.F. valve is removed from the primary 
winding and is connected through a fairly large condenser, 
say '01 juF, to the grid end of the tuning circuit. At the same 
time an H.F. choke, which must be of good quality, should 
be connected to the anode of the valve, the other end being 
taken to H.T. -f, as shown in Fig. 31. The arrangement then 
becomes a parallel feed, the H.T. to the valve being supplied 
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through the H.F. choke, while the high-frequency currents are 
by-passed through the fixed condenser on to the tuning circuit. 
Provided the high-frequency choke used is reaUy of a high 

grade, this method gives 
results as good as a simple 
tuned-anode circuit, and if 
this markedly improves the 
performance of the receiver, 
then there is either a fault 
or partial defect in the H.F. 
transformer. The trans- 
former winding may be 
broken or incorrectly con- 
nected. 

The signal strength on a plain tuned-anode system is, of 
course,somewhat greater than the transformer-coupled arrange- 
ment as a rule. The transformer is designed to give a greater 
selectivity than can be obtained with the tuned anode, and 
for this reason a drop in signal strength may be experienced. 

This method cannot be used as a general rule with neutral- 
ised circuits, as the circuit will become unstable if converted 
to a tuned anode arrangement. 

The parallel feed arrangement just discussed may be found, 
in certain case§, to be an improvement over the original circuit, 
particularly in stabilising a circuit which is inclined to self- 
osciUation. The connection may be made either to the end 
of the coil or to any convenient tapping point, such an arrange- 
ment being sometimes referred to as the tuned grid system. 
The method is quite satisfactory, provided that a choke of 
really high quality is used. Some remarks on the subject 
of H.F. chokes were made in the last chapter (see page 58), 
and the choke for an H.F. feed should at least have the same 
characteristics as those outhned there. If the choke is of an 
inefficient type, then the amplification obtained from the 
stage will be reduced, since the impedance of the choke is in 
parallel with that of the tuned circuit, and if the resulting 
impedance is too low, only a small proportion of the total 
amplificatioh on the valve is developed. 

The Fig. 30 circuit has one other point of difference. The 
voltage on the screen is obtained from the full 120 volts through 
a breaking down resistance. The screen voltage should be 



Fig. 31. — Parallel Feed with 
H.F. Circuit. 
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checked with a high resistance voltmeter or the resistance 
disconnected and the screen connected directly to the So-volt 
tap on the battery, if there is any reason to suspect that the 
screened-grid valve itself is not functioning correctly. 


INSTABILITY 


We now come to consideration of the second form of trouble 
in high-frequency circuits, that of instability; here the difference 
between the screened-grid valve and the neutralised tiiode 
becomes apparent. The remarks so far may apply to all 
classes of circuit, but at this point we must consider the two 
classes of circuit separately. 

With modern screened valve the anode-grid capacity is 
reduced to such a small value that under normal conditions 
the feed-back through this channel is insufficient to cause 
self-oscillation. The question as to whether the circuit is 
suitable for a valve in use is rather a question of design than 
testing, but the following data will be helpful in obtaining a 
rough indication. 

The amplification obtainable from a screen-grid valve is 
given by the expression : 

Amplification- 


where L ==Inductance in jnH 1 
C —Capacity in julF > 

R—H.F. resistance in ohms.J 


of tuned 
circuit. 


r ==Internal resistance of valve. 


^ = Amplification factor of valve, 
n =Step up ratio of transformer. 

( =i if tuned anode is used.) 


From the data of the circuit, therefore, the amplification 
can be obtained, and this maybe compared with the figures in 
Table IV, which gives the maximum amplification permissible 
before self-oscillation sets in with the standard screen-grid 
valves of to-day. It should, perhaps, be pointed out that 
with the continuous improvement in valves which is always 
being made, this table may become obsolete before very long, 
and therefore the reader should obtain such data for himself 
in order to ensure that the information is up to date. The 
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forraula given for the amplification, however, remains 
standard.^ 

TABLE IV 

MAXIMUM PERMISSIBLE AMPLIFICATION FROM S.G. VALVES 


Valve. 

Resistance. 

Amplification 

Factor. 

Maximum 

Amplification. 

Marconi S215 

200,000 

170 

80 

Mazda 215S.G . 

270,000 

300 

150 

Mullard PM12 

230,000 

200 

80 

Cossor 220SG 

200,000 

200 

90 

Marconi S610 

200,000 

210 

go 

Mullard PM16 

200,000 

200 

90 

Marconi MS4 

500,000 

550 

180 

Mazda AC /SG . 

600,000 

1,200 

230 

Mullard S4V 

1,330.000 

1,000 

120 


We can, however, assume that in the majority of cases ' 
the set has been correctly designed and is normally quite 
stable. If we find instability, therefore, it is due to the intro- 
duction of some difficulty which was not present in the original ‘ 
design. It is hardly necessary, of course, to point out that 
capacity coupling must be reduced to the absolute minimum. 

This is done by complete capacity shielding between the 
circuits. Except in the simplest cases partition screens are ) 
not sufficient. The screen should either be extended along 
the panel or along the baseboard, and preferably both, so 
that no trace of capacity coupling between the circuits can 
remmn. Magnetic coupling also must be avoided as far as 
possible, but it is possible to arrange that such magnetic 
coupling as does exist is in a negative direction, and tends to 
make the circuit more stable. 

» This fonmila only refers to the amplification obtained from the valve 
itself. The actual amplification over the whole stage is n times this value. 
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Stray Coupling 

If the circuit is unstable, the first step is to suspect the 
presence of coupling between the circuits, and this is best 
checked by removing one circuit to a position some distance 
away. This may either be done by dismantling the particular 
portion of the circuit, or by connecting an equivalent and 
preferably identical arrangement some distance away, and 
connecting it to the appropriate points with long leads, A 
length of 10 or 12 ins. is usually sufficient to minimise any 
magnetic coupling which may exist. 

For example, in the case shown in Fig. 29 we could remove 
the circuit to Li Ci to a new position away from the second 
circuit L2 C2, and see whether the instability still remains. 
It is helpful to reverse the direction of the coil Li or to rotate 
the coil if this is not practicable. If the removal of the tuned 
circuit in this manner or its orientation in some particular 
plane makes the circuit stable, then the difficulty is due to 
stray coupling, which must be obviated by an alteration of 
the disposition of the components, orby increasing the effective- 
ness of the screening or both. 

The only way of obviating magnetic coupling completely 
is to enclose the coils 
in a copper or alumi- 
nium box. (Magnetic 
material such as iron 
should not be used for 
screening, as the losses 
are very heavy.) In 
general, however, it is 
not necessary to enclose 
the circuit completely, 
but a screen round 
three sides, of the form indicated in Fig. 32, is usually 
sufficient. The valve is preferably pushed through the screen 
as shown. 

If the instability is not due to stray coupling or to the use 
of too efficient tuned circuits, so that the amplification exceeds 
the critical value, the difficulty almost certainly arises from 
battery coupling, due to the presence of a common impedance 
in the battery circuit. This form of trouble can occur with 
any H.F. circuit whatever the type, and its location and cure 
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Fig. 32. — Simple Screening System. 
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wiU, therefore, be deferred until the question of stability has 
been further discussed. 

NEUTRALISED CIRCUITS 

We still have to consider the type of H.F. circuit which 
utilises three electrode valves. While the screened-grid valve 
is rapidly ousting the triode for H.F. amplification, there are 
many occasions on which one encounters the older form of 
circuit. In this case the inter-electrode capacity is considerable 
and feedback, therefore, occurs as soon as the stage gain 
reaches a figure of 2 or 3. The most usual remedy is to adopt a 
circuit in which an equal and opposite feedback is arranged 
so that the valve capacity is neutralised. Other systems 
have been devised, but their application is limited and they 
cannot be discussed in detail here. 

Neutralised circuits are hable to all the faults of the 
screened-grid circuit and the methods of testing are much the 
same. The majority of what has already been said, therefore, 
applies to triode circuits (unless the contrary has definitely 
been stated), while in addition there are certain other diffi- 
culties which are peculiar to neutralised systems, and we shall 
now proceed to the discussion of these points. 

The principal fault is failure of the circuit to neutralise 
correctly, in which case the circuit oscillates continuously or 
in certain parts of the scale. The effect is due either to faulty 
design or to bad construction. Where a powerful signal is 
available (as from a local station) neutralising may be checked 
by the silent point method. Tune in the receiver approxi- 
mately to the signal. Then switch off the H.F. filament, leaving 
the valve in position. The signal will probably still be heard 
faintly. Retune to maximum strength and then adjust the 
neutralising condenser until no signals are heard. It will be 
necessary to use telephones for this test. 

With a good circuit a sharp, crisp and complete balance 
out is obtained, but a fairly well-defined minimum position 
will suffice. If^ the circuit is at fault, no minimum will be 
heard. ^ The minimum point must be definite — ^there must 
be an increase on each side. A gradual decrease in strength 
over the whole range of adjustment is no use. If this effect 
is found it indicates that the neutralising condenser is incorrect 
in value. If the strength decreases continuously as the setting 
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of the neutralising condenser is reduced, the minimum is not 
low enough and another condenser must be used, having a 
smaller minimum. This is a common fault. 

. If the reverse is the case, the strength decreasing con- 
tinuously as the neutralising condenser is increased, the 
capacity is not sufficiently great, though this is rarely found 
to be the case. Alternatively, or if there is no zero point at 
all, the neutralising circuit is connected the wrong way round. 
This can only occur with the type of circuit in which a separate 
neutralising winding is employed. 

If this test cannot be applied, proceed as follows : Tune 
in the circuits towards the top of the wavelength scale (both 
H.F. and detector) with the reaction condenser at zero. If 
the circuit oscillates, reduce the H.T. voltage on the H.F. 
valve until the oscillation ceases. Next increase the reaction 
condenser until it does. Then readjust the neutralising con- 
denser, and again set the reaction control so that the set is 
just oscillating. Find the position of the neutralising con- 
denser at which the greatest amount of reaction is required 
to cause the set to oscillate. Carry out the test again at other 
points of the scale. The circuit should remain stable without 
any further alteration. 

There should be a definite spot on the neutralising con- 
denser for which the reaction required is a maximum. If the 
reaction demand increases continuously as the neutralising 
setting is reduced the minimum is not low enough. If the 
reverse is the case or if there is no definite indication, the 
neutralising condenser is not large enough or the neutralising 
winding is the wrong way round. Alternatively the oscil- 
lation is due to some other cause, for this test will not dis- 
criminate. The previous test is abetter one if it can be used. 

So far we have assumed only one stage. If there are more 
than one the circuit must be handled progressively. Start 
with the detector and the H.F. stage immediately preceding. 
Couple the aerial to the grid of the H.F. stage through a 
•0001 juF condenser, as usual, and treat the circuit as having a 
single stage of H.F. only. Carry out the tests just outlined, 
correcting any fault which may be found. Then transfer 
the aerial one stage farther back and confine the attention to 
the fresh circuit, thus brought into operation. Continue in 
this way until the whole circuit is in use. 
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Either the fault will be located or else evidence wiU be 
obtained that the instability is due to some other cause. If 
the neutralising appears to be correct and there is no serious 
stray coupling, the trouble is probably battery feedback, which 
is dealt with in the next section. 

It has been assumed that the possibility of stray coupling 
has been eliminated' already. The tests just outlined may 
give quite inconclusive results if this is not the case. Capacity 
coupling is permissible to some extent because it can be 
balanced out by an increase in the setting of the neutralising 
condenser, but magnetic coupling cannot be dealt with so 
easily. This form of trouble may be recognised by the fact 
that the setting of the neutrahsing condenser for stability has 
to be varied at different parts of the scale, showing that a 
true balance is not being obtained. 

There are numerous other types of fault which may be 
experienced with neutralised circuits, such as parasitic oscil- 
lation, overlap, etc. Any more detailed discussion of the 
subject, however, is undesirable in the present instance owing 
to the tendency for this t3rpe of circuit to be replaced with 
arrangements using the screened-grid valve. Full details 
can be obtained in The Book of the Neutrodyne, iii which I 
dealt with the subject fully some time ago. 

BATTERY COUPLING 

With the increasing H.F. amplification of to-day battery 
coupling is becoming troublesome in the H.F. stages. First 
of all we must know how this battery coupling can be 
set up, and here the reader should refer to page 44, where 
battery couphng in low-frequency amplifiers is discussed. It 
was pointed out there, that due to the passage of fluctuating 
currents from each of the valve circuits through a common 
Mgh-tension battery, voltages were set up across the internal 
impedance of the battery, which in turn were transferred to 
portions of the circuit where undesirable reactions were set up. 

In the specific case of a high-frequency amplifier, if the 
H.F. valve or valves and the detector valve are all supplied 
from a common H.T. battery, then small voltages set up by 
.rarrents iii the detector valve will be re-introduced into the 
H.F. circuits, and may conceivably be in such a direction as 
to cause self-oscillation. Alternatively they may be in the 
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reverse direction, causing the circuit to fail to deliver its true 
amplification. 

One method of avoiding this is to isolate the circuit in 
the same way as is done in the low-frequency case. In this 
case, however, owing to the 
much higher frequency of the 
current, it is only necessary to 
use comparatively small resist- 
ances, and a circuit such as 
that shown in Fig. 33 wiU be 
quite effective in many cases. 

The condenser in use should 

be a mica-dielectric condenser, „ - tti? 

because the losses in a paper Filter. 

condenser at high frequency 

may be so large that the condenser does not act as an 
adequate by-pass, which would, of course, immediately defeat 
the object of the circuit. 

An alternative method is to adopt the system shown in 
Fig. 31, where a high-frequency choke is used in place of a 
resistance. This method may be more effective than the 
resistance-filtered system, where the circuit having a very 
high amplification is being employed. 

In many cases the introduction of a complete filter circuit 
in this manner is not necessary. The connection of a suitable 
by-pass condenser across the high-tension battery will 
often cure the trouble. This condenser, however, should be 
connected as near as possible to the actual point on the tuning 
circuit at which the high tension voltage is produced. Fig. 34 
illustrates, for example, a typical layout, and the proper place 
for a condenser is across the point marked X and Y. The 
connection of a condenser across points marked B.C. would 
not be so good, because there is a considerable length of lead 
still left in the circuit, and there may possibly be a high resist- 
ance joint introducing difficulty. The trouble is more likely 
to be pronounced with very high frequencies (ultra-short 
waves), but the condenser by-pass shoiffd be connected as 
close as possible to the circuit in order to ensure the greatest 
margin of safety. 

If battery coupling is suspected and the simple filter 
circuit of the type described does not overcome the difficulty. 
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the best plan is to use an entirely different battery for the 
high-frequency valve or valves. This battery should have its 
negative terminal common with that of the normal battery, 

but otherwise is 
completely isola- 
ted. No high-fre- 
quency current 
can then be intro- 
duced into the 
H.F. valve from 
the detector cir- 
cuit through bat- 
tery coupling. 
This will nearly 
always be found 
to cure the trouble 
if it is not due 
to some form of 
stray coupling between the circuits such as we have already 
assumed to be eliminated. 

If the connection of a separate battery in this manner 
overcomes the difficulty, whereas a filter circuit does not, 
then it is clear that the amount of energy sent back is very 
much greater than can be dealt with adequately by the simple 
filtering system. This usually points to the fact that high- 
frequency currents are being allowed to enter the low-frequency 
stages of the receiver, where they are to some extent amplified 
so that the feedback is occurring from one of the later valves 
in the set, not the detector valves, in consequence of which 
ordinary methods are unsatisfactory. Attention, therefore, 
may be turned with advantage to the precautions which are 
taken to cut out the high-frequency currents from the low- 
frequency stages. The precautions have already been dis- 
cussed in Chapter IV, and reference should be made to the . 
previous discussion, in order to find how best to carry out the 
improvements. 

In many cases it is somewhat difficult to prevent battery 
feedback, and some circuits cannot be made to work on a 
run-down battery without the greatest difficulty. In such 
circumstances the simplest remedy is to discard the run-down 
battery, and to use a new one, but recourse should only be 



Fig. 34.— The By-pass Condenser should be 
Connected across X and Y. 
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had to this after the conventional remedies have been tried, 
because such a set is of little real service. 

Where one is designing a receiver, such a course is not 
permissible, but if it is a matter of testing a receiver which 
has already been made, one is to some extent in the hands of 
the designer, and it may not be economical to adopt expensive 
methods in order to overcome battery feedback. 

UNTUNED AMPLIFICATION 

We now come to the consideration of the second form of 
H.F. amplification in which the circuits are either not tuned 
at all, or are arranged to give a general rather broad tune, 
somewhere within the waverange under consideration. This 
class of circuit is, of course, less efficient, but it saves one or 
more controls, and thus makes the set simpler in operatioil. 

The general tests on a circuit of this nature are similar 
to those for a tuned circuit, except that one must go to work 
in a slightly different manner. We cannot work backwards 
from the detector in the usual manner, because the grid circuit 
is not tuned. We must adopt some other plan such as the 
connection of a temporary circuit across the input to the 
detector, the existing circuit being disconnected. For a 
simple test the preceding valves may be removed, but it is 
preferable to disconnect the existing detector circuit com- 
pletely and replace it with the new circuit. This may consist 
of a simple coil tuned with a condenser, and signals may be 
obtained either from a buzzer or by connecting an aerial to 
the circuit. This will test out the detector and L.F. stages. 
We can then transfer the external tuning circuit one stage 
farther back, bringing into operation the H.F. stage 
immediately preceding the detector. If a definite gain in 
signal, strength is not obtained, the inter-valve coupling 
circuit is faulty, assuming that all valves and holders are 
O.K. (This should have already been verified.) 

Continuing in this manner we may bring into use all the 
H.F. stages (if there are more than one), finally replacing the 
temporary tuning circuit with the frame aerial (or other) 
tuning circuit incorporated in the set. The progress will be 
interrupted at the point where the fault occurs, and the 
location of the trouble is then a matter of attention to detail; 

Definite information on the subject of untuned ampli- 
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ficatioii is difficult to give -as the circumstances differ in almost 
every instance. Considerable use of the system has been 
made in portable receivers using two stages of H.F. ampli- 
fication, the inter-valve couplings being so called " aperiodic ’’ 
transformers or chokes. The difficulty in design lies in the 
large waveband to be covered (200-2,000 metres), and the 
practice usually adopted is to use circuits which resonate in 
the lower waveband (aoo-600 metres), the amplification being 
maintained on the longer waves by virtue of the relatively 
high inductance of the chokes or transformers. 

The only question which can legitimately be . considered 
under the heaffing of fault-finding, is that of stability. It is 
usually found that if the chokes or transformers are identical 
the circuit is unstable ; consequently the constants of the 
two H.F. circuits are made different so that the resonances 
occur at different points. If instability is found to exist, 
therefore, the chokes or transformers should be replaced with 
others having different characteristics. 

Battery coupling is a very possible source of trouble with 
this class of circuit, and the remedies already outlined should 
be tried. Generally speaking, however, the difficulties with 
this form of circuit are either simple disconnections or short 
circuits, or else arise from poor design, in which case the remedies 
are outside the scope of this book. The adoption of the 
methods just outlined to test each stage from the detector 
backwards may lead to an improvement. 

Choke coupling has been tried with the screened-grid valye, 
but the system usually fails owing to the difficulty of making 
the anode impedance sufficiently large, having r%ard to the 
high internal resistance of the valve. Instability is not likely 
to occur, and the faults which will arise in practice are, there- 
fore, of a simple character and may be cured by the means 
already outlined. 


SUMMARY 

I. Circuit unstable . — If tuned amplification is used, investi- 
gate for stray coupling between stages. Isolate the defective 
stage as far as possible, and confine operations to this stage. 

is not excessive, make sure that amplification is 
within safe limits. If so, suspect battery coupling and adopt 
customary precautions. 
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If -untuned amplification, try effect of replacing one or 
more of the chokes as trouble is probably due to resonance. 

2. Circuit behaves in poor manner . — Convert system to 
simple detector followed by L.F, stages. Introduce H.F. 
stages one at a time, checking tuning in so doing. Introduce 
circuit step by step until faulty link is discovered. 





CHAPTER VI 


Mains Apparatus 

In addition to the various forms of test already described, 
certain additional tests have to be applied where apparatus 
is designed for operation from power mains. Such apparatus 
may be designed to operate as a whole from the electric light 
supply, or it may be designed to supply the voltages to an 
existing receiver, in replacement of the customary batteries. 
The methods of testing are similar in the two cases, and we 
shall, therefore, consider in general the complete mains re- 
ceiver, the mains unit or eliminator, as it is sometimes called, 
being a particular case of general proposition. 

Electric light mains are of two kinds known as D.C. and 
A.C. respectively. In the D.C. variety, current flows con- 
tinuously in one direction, whereas in the case of A.C., the 
current flows first in one direction and then in the other, 
alternating in this manner a large number of times per second. 
The total number of alternations or. cycles per second is termed 
the frequency of supply, and in this country varies between 
25 and ICO cycles per second according to the locality. In 
America the frequency is universally 60 cycles per second, 
while in due course the supply in this country" will be 
standardised at a frequency of 50. 

D.C. SUPPLY 

We will consider the case of the direct current (D.C.) 
supply first. It is clear that we can utilise such a supply to 
provide the high voltages necessary for the anode circuit of 
the receiver in replacement of the customary H.T. battery. 
It is, of course, necessary to know which of the mains is the 
positive pole, and this may easily be determined by the aid 
of a pole finder. The use of this device, however, is seldom 
necessary, because the apparatus will only work when the 
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mains are connected the correct way round ; if they are 
wrongly connected no results will be obtained. It is a simple 
matter of trial and error, reversing the plug in its socket if 
the set does not work the first time. 

If it is desired for any reason to ascertain which is the -f- 
polc, a voltmeter may be 


lOtoZOH, 




-wc- 


4tQ8' 


To 

Receiver 


Fig. 35. — Simple B.C. Filtek. 
Otherwise it will read in the 


connected across the mains, 
making sure, of course, that 
the range is such that the 
full voltage comes within the 
hcale. The voltmeter, of 
course, will only read cor- 
rectly if the + terminal is 
connected to the + pole, 
wrong direction. 

Generally speaking, the supply of current from an electric 
light main is such that it cannot be used to replace the H.T. 
battery without certain precautions. A direct current usually 
comprises a steady voltage together with a small alternating 
component, known as ripple. This ripple is produced by the 
generators at the power station, and usually has quite a high 
frequencA^ in the neighbourhood of 500 to 1,000 cycles per 
second. Before the supply can be used on a radio receiver, 
it is necessary to smooth out the ripple by the aid of a filter 
circuit such as that shown in Fig. 35. It should particularly 
be observed that in the D.C. case no condenser is required on 
the supply side of the filter. The generators at the power 
station supply unlimited power and no provision need be 
made to store up the energy. It is thus not necessarj' to have 
a reservoir condenser, as in the case of A.C. 

■ A simple iD.C. eliminator 

+ 


T 


-noi- 


-o-k-m 


O— 


circuit is shown in Fig. 36. The 
voltage on the mains is usual- 
ly in the neighbourhood of 
200 volts, a value in excess of 
C that required for the ordinary 
radio receiver. Some form of 
resistance is connected across 
the output, therefore, so that the voltage is cut down to a 
suitable value. 


Fig. 36. — D.C. Eliminator Circuit. 
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Motor-boating . 

A simple form of potentiometer, however, is liable to ; 

introduce serious back-coupling in the receiver. Back- | 

coupling with a mains unit usually takes the form known as ; 

motor-boating. The oscillation set up is of a low frequency ; 

and gives a continuous “ pop, pop, pop,” sounding somewhat j 

like the exhaust of a motor-boat. If this is experienced with a 
receiver operating from a mains unit of the type described, ; 
arrangements must be made to incorporate resistance-capacity 
filters in each H.T. lead, so that the audio-frequency currents ' ; 
can be prevented from flowing through the internal resistance S 

of the mains unit. Alterna- | 

•\- 1 Z 0 tively, the arrangement of the \ 

mains unit may be slightly 
altered, as shown in Fig. 37, 
so that a common resistance 
"■ in the H.T. circuit is avoided. 

Fig. 37.— Re-arrangement OF Fig. Qne is, of course, still left 
36 TO Prevent Back-coupling. common resistance 

of the smoothing choke, but this is usually small. 

Assuming that the instrument is developing some other • 
form of trouble, the first step is to measure the voltage at the 
various points. The voltmeter must be of a high resistance • 5 
t5q)e (at least 1,000 ohms per volt as already described), so 
that the current taken by the meter is negligible. The reason 
for this is that owing to the internal resistance of the mains 
unit, the voltage on the output terminals depends considerably 
upon the current that is being taken. As the current increases, 
the voltage falls due to the internal resistance of the choke 
and the remainder of the circuit, and so the voltage output is 
reduced, ( 

Mains units, as a class have a 'bad regulation rendering 
them essentially different from batteries, which maintain the 
voltage irrespective of the load that is taken. It should always 
be seen that the unit is working under its actual operatii^ 
conditions, i.e. that it is supplying the current which it is 
called upon to do in use. Check up the voltage from the 
mains through the eliminator up to the H.T. points of the 
receiver. It is easy to find if an Undue voltage is being lost 
at any point, and so to ensure that the receiver is obtaining 
its proper supply of H.T. voltage. 
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Three-wire System Dangers 

There is one point which must be emphasised strongly in 
connection with direct current mains. Most of the supply 
in this country is on what is known as the “ three-wire system.” 
Voltage is generated at 400 to 500 volts, a centre-tapped 
arrangement being provided on the generators. The centre 
point is connected to earth, so that we have two supplies of 
200 or 250 volts, and the greatest difference of potential above 
or below earth is only 250 volts. This is done for reasons of 
safety, but the point is that on one side of the supply the 
earth is on the negative pole, while on the other side of the 
supply the earthed pole is the positive. 

Now in a radio receiver we nearly always connect the 
H.T. — point to earth. At any rate the H.T. — point is con- 
nected to one pole of the L.T. supply, and the L.T. supply is 
earthed. The result is that if we endeavour to obtain H.T. 
voltage from power mains in which a positive pole is earthed, 
then if we connect this to a radio receiver, we shall obtain a 
direct short circuit which will blow the fuse. To obviate this, 
one must never connect a receiver to operate from the D.C. 
mains, directly to earth. A large condenser of 2 microfarads 
should be connected between the earth terminal on the receiver 
and the earth itself, and this will avoid the difficulties men- 
tioned. This condenser must, of course, be sufficiently strong 
to withstand the D.C. voltage applied across it, and should 
preferably have been tested at a voltage at least twice that 
of the D.C. supply. 

D.C. RECEIVERS 

Apart from the use of an H.T. eliminator, it is possible 
to design a receiver to operate entirely from the D.C. supply. 
For this purpose, valves taking a filament current of O'l 
ampere are usually used, and the filament circuits are ^ 
connected in series. A large resistance is connected in series 
with the filaments and the mains, to reduce the current to the 
correct value of 100 milliamperes, and the voltage drop on 
this resistance is utilised in order to supply the necessary 
H.T. voltages. 

A typical circuit is shown in Fig. 38. The valves are 
run with their filaments in series with each other, and with a 
high resistance, which incidentally must be capable of carrying 
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a current of lOO milliamps (actually a little more, as will be 
seen) without overheating. In conformity with what has 
already been said, the supply obtained from the mains must 
be smoothed, and to do this a large iron-cored choke, capable 
of carrying lOO milliamperes without saturation (see page 32) 
is necessary. This choke may have a resistance of several 
hundred ohms, and it should have an inductance when carrying 
its full load current of not less than 10 henries. A large 



condenser is connected on the receiver side of the choke in 
accordance with customary practice. 

When testing a receiver of this type, the first consideration 
is to see that the valves are obtaining their correct current. 
For this purpose a miUiammeter capable of reading 100 milli- 
amps should be placed in circuit at the point marked X in 
Fig. 38, i.e. at the junction between the breaking-down 
resistance and the valves. If the meter is inserted in the 
main lead, it wih read the anode current as well as the filament 
current, and will thus give misleading results. 

The next step is to check the valves. This cannot be done 
by the usual method of removing each valve in turn, because 
the filaments of the valves are all wired in series, and the 
removal of any valve breaks the whole circuit. Therefore 
it is necessary to break the anode circuit of each valve in turn 
at some convenient point, and to insert a miUiammeter tem- 
porarily. If at any point no anode current is shown, this 
portion of the circuit requires further investigation. The 
valve should be removed and checked for emission in the 
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standard tester (see Appendix). If this is found to be correci, 
then the trouble lies in the circuit itself, and the customari- 
tests should be applied in order to ensure that the circuit is 
continuous. The high resistance voltnaeter will be of assistance 
here, for the voltage at each point can be measured. If there 
is a break in the circuit, then immediately after the break no 
voltage will be developed, and this will give an immediate 
clue to the difficulty. 

Grid Bias 

If no break is experienced in the circuit the grid bias 
arrangements should be examined. This point requires a 
little explanation for the arrangement as shown in Fig. 38 
is peculiar. Since the filaments are all in series, the valve at 
one end of the circuit is at a different potential from the valve 
at the other end. We can arrange this difference in potential 
to be either positive or negative, as we require, according to 
the way we connect the mains, and the voltages can be so 
arranged that we can obtain automatic grid bias without 
difficulty. The circuit shown is a standard H.F., detector 
and L.F. arrangement. The H.F. valve is provided with 
zero bias, the return being taken to the negative leg of the 
H.F. filament. The detector valve is provided with a small 
positive bias, the detector leak being taken to the positive 
leg of the valve. This is in accordance with customary battery 
practice. 

The low-frequency valve requires some 8 or 9 volts negative 
bias. We obtain this by using a 6-volt H.F. valve and 2- 
volt detector valve. The total voltage drop on these valves 
is thus 8 volts, so that the negative leg of the H.F. valve is 
8 volts negative with respective to negative leg of L.F. valve. 
Therefore, we take the secondary of our transformer to the 
negative leg of the H.F. valve, and thus automatically obtain 
8 volts bias. 

Now if by any chance there is a wrong connection or a 
defective component in any of the portions of the circuit 
affecting this grid bias, we might conceivably obtain an incor- 
rect voltage. Possibly, for example, the detector valve may 
be heavily negatively biassed, so that its anode current is 
reduced to zero. Jf this is the case, the detector valve would 
take no anode current, and the circuit would be dead. Altema- 
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lively, the power valve may have been incorrectly connected 
to have too little grid bias, in which case the anode current 
will be excessive, causing too big a voltage drop in the feed 
resistance. Therefore the bias should be checked, again 
using the high resistance voltmeter, in order to ensure that 
this portion of the circuit is functioning correctly. 

These are the forms of additional test which would have 
to be applied to D.C.-driven receivers. The customary tests 
for tuning, H.F. and L.F. amplification and so on, must be 
applied in the manner already described in the previous 
chapters, the only difficulty being that no valve can be removed ^ 
from its socket without making the whole circuit dead. 
Generally speaking the best method of procedure is to check 
through the voltages, starting from the mains and working 
downwards to see that the voltages that are applied to each 
valve are of the coirect order. If any difficulty remains, it 
is usually due to some simple fault not connected with the 
mains drive, but due to some inherent defect in one of the 
components. 

It should be emphasised that any testing carried out with a 
voltmeter on a mains set, should preferably be done with a |, ^ 
couple of test prods, consisting of long ebonite rods having I | 

spikes at the end (see Chapter I). This avoids the risk of I 

shock, in case one accidentally catches hold of live parts. ^ ; 
The risk of shock with D.C. apparatus is not as great as with 
A.C. apparatus, but nevertheless no unneccessary risks should I 
be taken. i 

Any other tests apart from actual measuring of voltages J 1 1 

applied to the circuit should be made with receiver switched ] ‘ 

off, and the plug removed from its socket, so that the receiver 
is completely dead. There is then no risk of shock or of stray ^ 
voltages damaging the instrument. 

D.C. HUM 

^ The most difficult problem to overcome in connection 
with D.C. apparatus is usually the hum produced in the 
receiver by the ripple already referred to. This is of a fairly 
high frequency, and can often be unpleasantly loud. As 
far as actual hum is introduced into the circuit, this can be 
eliminated by the use of filtering circuits of the type described. 

It is a fairly easy matter, therefore, to ensure that the current 
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actually supplied to the receiver is free from any ripple. If 
there is any doubt about this, the best plan is to add an 
additional fflter circuit in front of that incorporated in the 
receiver. If this does not result in any appreciable improve- 
as in the majority of cases it will not, the dijficulty 
is due to some external source. 

Particularly where the receiver has a high-frequency 
stage, hum is very liable to be picked up by direct induction 
betv^een the circuit and the earthed pole of the main. The 
ripple is not solely at an audio frequency, for in many cases 
there is a small amount of high-frequency energy present in 
the supply, and this is modulated at a low-frequency by the 
ripple. It can be picked up by the H.F. portions of a receiver, 
which are very sensitive to stray induction, and will come 
right through to cause an unpleasant hum in the loud speaker. 
To ensure that no such high-frequency interference is coming 
in on the mains, a high-frequency choke should be inserted 
in the main supply lead. These chokes must have an 
inductance of 50,000 
to 100,000 microhen- 
ries, should be wound 
in sections to mini- 
mise self-capacity , 

and must be wound 
with sufficiently 
heavy gauge wire to 
carry 100 milliamps 
without serious voltage drop or overheating. Such chokes are 
obtainable on the market, and the ffiter should be construc- 
ted by connecting one choke in each lead as shown in Fig. 39. 

If none of these remedies helps, then the difficulty will 
usually be found to be due to a difference of potential between 
the earthed pole of the mains and the earth wire of the receiver. 
Mote particularly is trouble experienced where the positive 
main is earthed, as this is a very prolific source of hum. The 
first procedure is to find out which of the mains is earthed, 
and this can be done by connecting a lamp, of the full supply 
voltage, between the earth and each of the mains in turn. 
When the lamp is connected to the main which is not earthed 
the lamp will light up, whereas with the earthed main no 
illumination should result, unless there is a fault on the system. 


Hf.C. 
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Mf.a 


Standard 
L.E Filter 



Fig. 39. — H.F. Choices are Sometimes 
Necessary in D.C. Mains. 
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If the lamp lights when connected between the earth con- 
nection and both main leads, there is probably a fault on the 
system which should be reported to the supply company. 

Under normal circumstances, however, one can find, 
without difficulty, which of the two poles is connected to earth' 
and having done this, a voltmeter should be connected between 
the earth and the earthed pole. There will usually be found 
to be a small difference in potential of 2 or 3 volts between 
these two, and if this potential is not large, the effect may be 
tried of connecting the earthed main definitely to earth. 
This, in many cases, will cure the hum, although in certain 
circuits it may make it worse. Alternatively, the two points 
may be connected together through a large condenser of 2 
or 4 microfarads. 

In some instances the hum persists even after all pre- 



Fig. 4o.~Method of Reducing Hum with D.C. Mains. 


cautions of this nature have been tried. Usually investigation 
in such cases will show the existence of an appreciable difference 
of potential between earth and the earthed pole. The only 
way to overcome this difficulty is to arrange matters in a 
sort of bridge formation as shown in Fig. 40. Here the left 
hand side of the figure represents the network of the mains 
themselves, and it will be seen that the actual earth point 
on this network is not at one end as it should be, but a small 
way up. If we are to obtain no hum we must arrange the 
right hand side of the network to be exactly similar, and this 
can only be done by moving the negative point of the receiver 
up the network to a small extent. 

We have seen that it is necessary to drop the voltage by 
means of a series resistance, and that the voltage drop on 
part of this resistance is used for H.T. voltage. We very 
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rarely make use of the whole voltage, however, so that there 
is usually some spare resistance at the positive end of the 
set (see Fig. 38), which we can transfer to the negative end 
of the circuit if we wish. This has been done in the figure, 
the extent of the resistance being chosen to balance cut the 
hum. As we increase the resistance in the negative side of 
the circuit, we must, of course, reduce the amount in the 
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Fig. 41. — Alternative Method of Hum Prevention. 


positive side, so that the total resistance in circuit remains 
the same, but we are effectively moving the earth point up 
the network, and by a process of trial and error a balance 
point can often be found at which the hum is reduced almost 
entirely. 

If the earth point occurs on the other side of the zero 
point, as in Fig. 41, the position is much more difficult. A 
remedy can sometimes be obtained by earthing the set through 
a resistance, as shown in the figure. 


A.C. SUPPLY 

The greater percentage of electrical supply in this country 
is alternating (A.C.), and this is in many ways more convenient. 
In the first place it is distinctly safer in operation, for the 
receiver can be completely isolated from the mains, and there- 
fore it is possible to 
ensure absolute safety 
from shock in use. The 
disadvantage of A.C. lies 
in the fact that it is 
necessary to rectify the 

-WAVE Rectifying Circuit. 

current so that it nows m 

one direction only, and then to smooth out the resulting cur- 
rent so that it is substantially steady and free from variation. 
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A brief description of the method of rectification and 
smoothing will be desirable. We obtain voltage from the 
supply through a transformer. This is an instrument which 
contains two windings on an iron core. The mains supply 

is connected across 
^ ^ ^ one winding and an 

/ \ / \ / \ alternating voltage is 

Voltage 0 -j- V f V f ^ developed across the 

\ / \ / second winding, bear- 

_ ^ ing a relation to the 

Fig. 43IF0RH OF Alternating Voltage. “ains voltage depend- 

ing upon the relative 


Fig. 43. — Form of Alternating Voltage. 


number of turns. We are thus able to step-up or step-down 
the voltage to any required extent, and this flexibility is one of 
the greatest advantages of alternating current operation. 


Single Wave Rectification 

Having obtained our output voltage, we apply this to a 
rectifier which is generally one of two forms. The simplest 
is shown in Fig. 42, and is known as a Single Wave Rectifier. 
It is either in the form of a valve or a metal or chenaical com- 
bination, which has the property of passing the current only 
in one direction. When the voltage is in the right direction, 
the current is passed into the condenser C and charges it up. 
In the reverse direction no current flows, and the condenser 


remains charged. The next time the voltage is in its original 


direction, cur- 
rent will flow 
as soon as the 
voltage rises 
above the vol- 
tage to which 
the condenser 



has charged, 
and a further 


Fig. 44.— Variation of Voltage on Reservoir 
Condenser. 


charge will flow to the condenser, resulting in a rise in voltage. 
This process will continue until the condenser has built up 
to a voltage equal to the maximum value of the alternating 
voltage. 

It should be pointed out here that this value is approxi- 
mately 1*4 times the rated value of the alternating voltage' 
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Alternating voltages or currents fluctuate in a regular and 
rhythmic manner, the variation of voltage with time usually 
being of the form shown in Fig* 43. If the voltage is varying 
from moment to moment in this manner, we clearly have 
difficulty in deciding what value the voltage shall be said to 
have. In order to render formulae designed for D.C. operation 
applicable to alternating currents as far as possible, it has beer- 
decided that if the heating effect of two currents, one A.C. 
and the other D.C. are the same, the currents shall be rated 
as equivalent. This involves the use of a somewhat complex 
unit known as the root-mean-square value, which is arrived 
at -in the following manner. 

The heating effect of a current depends upon the square 
of the current. The heating effect of an alternating current 
thus depends upon the average or mean value of the square 
of the current at each successive instant, and we can easily 
determine the mean square. The equivalent current, there- 
fore, is the square root of this current which is known as the 
root-mean-square, or the R.M.S. value. With the ordinary 
sine wave encountered in general practice this value is approxi- 
mately 0-71 time the maximum value, whence we obtain the 
relationship that the maximum value of the voltage or current 
is 1*41 times the R.M.S. or rated value. 


High Voltage 

This little explanation is necessary in order to understand 
some of the effects which will happen. For example, if we 
have a transformer giving 100 volts on the secondary in a 
circuit such as that shown in Fig. 42, then if there is no load 
connected across the condenser we should find that the voltage 
across the condenser would rise to 140, and if we measured 


this with a meter 
taking no appre- 
ciable current, 
we should obtain 
a reading of 140. 
This tendency of 
the voltage to 
rise to a much 
higher value 


From 

Rectifier 


ZOtoWOH 


; Reservoir 
Condenser 


: Smoothing 
Condenser 


Fig. 45. — ^A.C. Filtering Circuit. 


than normal when there is no load across the condenser is one 
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of the most important factors to be borne in mind when 
dealing with alternating current apparatus, for it is no 
pleasant experience to obtain a nasty shock of some 400 
volts or so from apparatus supposed to be developing a 
little over 250 only. 

Normally, however, w^e connect some form of load across 
the condenser and this draws off a certain amount of charge 
during the period when the rectifier is not passing any current. 
What actually happens in practice, therefore, is that the 
condenser is continually charging and discharging slightly, 
rather in the manner shown in Fig. 44, which will be seen to 
be equivalent to a steady voltage with a small alternating 
voltage superimposed. 

This is unsuitable, as it stands, for radio work, fust as D.C. ’ 
supply is unsuitable, and we must connect a choke and con- ^ 

denser filter across the apparatus, so that our final circuit is i 

of the form shown in Fig. 45. As in the previous instance I 
the choke must be of such a character as to carry the necessary I 
direct current without saturation, but the inductance must be | 
considerably higher than in the corresponding D.C. case, 
because the fluctuations are at the same time more severe, 
and lower in frequency than with the D.C., and are thus not 
so easily filtered out. 

Double Wave Rectification 

The second form of rectification is known as the Double 
Wave type, and is illustrated in Fig. 46. Here the operation' 
is the same except that two rectifiers are employed and the 

transformer is 
made with a ^ 
double winding 
on the second- 
ary, the two 
being connected 
together in the 

Fig. 46.— Double-wave Rectifying Circuit. centre. Thus | 

when the volt- I 

age IS. such as to give a positive potential on the top | 
rectifier, current flows into the condenser in the ordinary i' 
manner. The next half cycle, however, the current is negative 1 
on the top rectifier, but is now positive on the bottom rectifier. 









I 

i 
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I 
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Therefore currents flow into the condenser again by a different 
path, but in the same direction. Thus we utilise each half 
of the alternating voltage which gives us smoother working, 
and also a greater output voltage on the condenser. 

. This latter point will be obvious, for if we are taking a 
given amount of 
current from the 
condenser, and we 
supply a pulse of 
current, every of 
a second we shall 
obtain a certain 
equilibrium voltage 
on the condenser at 
which the current 
supplied in pulses 
equals the steady 
current taken out. 

If we feed our cur- 
rent. in pulses 100 
times per second (i.e. twice as much) we are putting in more 
than we take out, and the voltage will rise in consequence 
till we obtain an equilibrium condition once again. 

As a guide to the order of affairs as may be expected, the 
curve shown in Fig. 47 indicates the voltage output from a 
representative rectifier of the Single Wave and Double Wave 
' type. 
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Fig. 47. — ^Voltage on Reservoir Condenser 
WITH Typical Valve Rectifiers. 






Bridge Rectification 

There is a third form of rectifier more commonly employed 
with metal or chemical rectifiers, which is known as the Bridge 
Arrangement. This is ifiustrated in Fig. 48, and it will he seen 
that four rectifier elements are used. When the top of the 
transformer winding is positive, the current flows through 
the path A.B. through the load, and then, through the path 
D C The next half -cycle at the bottom end of the trans- 
former winding is positive, the currents flow through path 
C B through the load, and then through the path D.A. It 
wk'be observed that the reservoir condenser is charged in 
the same direction each haK-cycle, so that we really have 
obtained a similar state of affairs to the Double Wave recti- 



i 
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fication mthout having to employ a double voltage secondary 
wdth the centre tap, but at the expense of two further recti- 
fjnng elements. The voltage on the reservoir condenser 
bears much the same relation to the voltage on the transformer 
secondary, as that for Double Wave rectification, in Fig. 47. 

FAULTS ON A.C. ELIMINATORS 

Having dealt with the broad principles of rectification 
in this manner, we can discuss the faults which are likely to 
arise in this portion of a mains apparatus. Strictly speaking, 
the first ^operation, following out our usual sequence of events,* 

is to measure the 
voltage on the 
secondary of the 
transformer. This 
of course re- 
quires an A.C. 
voltmeter, and 

Fig. 48. — Bridge Rectifying Circuit. some cases 

this voltage is 

of a dangerous value, exceeding 250 volts, so that the 
greatest care is necessary in this connection. It may be 
taken for granted, however, that a faulty transformer 
is not the most common defect in this class of apparatus, 
and we may perhaps make a more convenient starting point 
by measuring the voltage across the reservoir condenser 
(which is D.C.). For this purpose a high resistance voltmeter 
must be used, and it must, of course, be capable of reading 
the probable voltage well within its scale. If the no rmal 
output voltage of the eliminator is known, say 120 volts, then 
the reservoir condenser may read anything up to 250 volts. 

If it is not known, or in any case if there is any doubt, reference 
should be made to the curves just given in Fig. 47 in order to 
obtain some idea of the probable voltage. 

If the rectifier is functioning satisfactorily, the voltage 
on the condenser will be of the right order. The voltage 
should be measured with the apparatus in a working con- 
dition, i.e. suppl5dng a load, as otherwise misleading results 
may be obtained. 

If the voltage is found to be of the correct order, then the 
portion of the equipment up to ,the reservoir condenser is 
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satisfactory. If the voltage is higher than one would expect, 
this probably indicates a break somewhere later on in the 
circuit, so that the apparatus is not supplying its full load. 
This may be checked by continuing the voltage tests as des- 
cribed in a moment. If, on the other hand, the voltage is low 
or is zero, this again shows a defect. 

Discharging the Condensers 

The first defect to be tested for is a short circuit across 
the eliminator. The apparatus should be switched off, and 
the connections leading from the reservoir condense’- to the 
remainder of the apparatus should be removed. Leave on 
those connections which come from the rectifier. Incidentally, 
as a precaution, the principal condensers in an eliminator or 
mains-driven receiver should always be short-circuited with a 
screw driver, after the current has been switched off, before 
any alteration is made. In the present instance where the 
voltage across the reservoir condenser is zero or very low, little 
danger is likely to result, but in other cases, particularly 
where one is looking for a fault, there is always a danger that 
one of the condensers will not have been discharged, and if 
one inadvertently catches hold of, or places a hand across the 
two terminals, a very unpleasant shock may result. 

Therefore, get into the habit of placing a screw driver 
across the terminals of the reservoir condenser, and smoothing 
condensers, to discharge them, should they have any residual 
charge left. Grasp the screw driver by the handle, and place 
it in such a manner that the metal portion bridges the two 
terminals. If any charge is left, this will be discharged with a 
sharp spark, after which the circuit is safe to handle. This 
does not do any damage, although it is somewhat ala.rming at 
first. It must not, of course, be carried into operation while 
the circuit is still connected to the mains, but after the set has 
been s-witched off it is a very desirable precaution. 

Reverting to our test, we have isolated all the remainder 
of the circuit, and we should now switch on the apparatus 
again, and once more test the voltage on the reservoir con- 
denser. If it is now of a normal value (and as there is no load 
it will rise to the fullest possible value, i.e. i -4 times the voltage 
on the secondary of the transformer), then the short circuit 
lies later on in the receiver, and we must examine the suc- 

H 
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ceeding portions. It should be pointed out, however, that 
owing to the presence of this defect, the rectifier may have 
been damaged, and although it may behave satisfactorily on 
no load, it may still be found to give trouble when load is 
taken. After the fault has been remedied, therefore, it is 
desirable to check this point again, as will be seen later. 

Let us assume, however, that the voltage is still low or 
non-existent. The next step is then to check the reservoir 
condenser. This may be done by disconnecting one side of 
the condenser, making sure that the circuit is otherwise 
unaltered. On switching on a voltage should now be developed 
across the output. The value will be reduced in intensity, 
but if any voltage now appears it indicates a faulty reservoir- 
condenser. This should be replaced -with a suitable equiva- 
lent. If on the other hand no voltage is obtained, even when 
the reservoir condenser is removed, it is probably the rectifier 
which is at fault. 

This is more likely to be the case when the valve rectifiers 
are employed, as these -will lose their emission under heavy 
overload. The rectifier should be tested or preferably replaced 
and a further test made of the voltage output. If no voltage 
is obtained now the transformer itself is faulty, and a test 
should be made -with an A.C. voltmeter to confirm this, or to 
find which section of the transformer is faulty, in the case of a 
Double Wave arrangement. It may be found that one-half 
of the rectifier or the transformer is defective, in which case 
the instrument will only behave as a Single Wave rectifier ' 
and the voltage on load will be correspondingly reduced’ 
TMs wiU give, therefore, a partial working, but the results 
^ iiot be up to what they should be. It is a matter of no 
f to hnd which section is wrong for, on the removal 
of the rectifier from the faulty section, no alteration to the 
voltage wiU result, whereas the removal of the good rectifier 
will cause the voltage to fall to zero. 

Smoothing Circuits 

the earher test, if it is found that the fault 
when the remainder of the 
wTk voltage appears, .the smoothing and 

graduaUy inserted a bit at a 
time, the voltage being measured at each point. The next 
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step, for example, will be to connect the smoothing choke and 
smoothing condenser across to the circuit. If the voltage is 
stUl present across both the condensers, this portion of the 
circuit is sound. If the voltage is present on the reservoir 
condenser, but not on the smoothing condenser, then there 
is a break in the smoothing choke. If the voltage across 
either condenser is zero, then there is clearly a short circuit 
across the smoothing condenser, and this condenser should 
either be removed and tested, or replaced by an equivalent 
* condenser. We can continue in the same way to include each 

of the voltage tappings on the eliminator, bringing them in 
one at a time and noting whether the effects are normal or 
not. Any deviation from the normal expectation must be 
regarded as due to a fault until the reason is fully understood. 

It should, perhaps, be pointed out that all the circuits in a 
mains unit of this t3rpe are interdependent. Suppose, for 
example, we have three output circuits, one normally ^ving 
' 120 volts, and the other two giving 6o and 8o volts respectively. 

If we disconnect the 6o and 8o volt tappings, and connect 
only the 120 volt tapping with its appropriate load across it 
t (i.e. connecting to the correct tapping on the receiver with 

f which it is to be used) we shall find that the voltage on this 

tapping is more than 120. This is because we are not taking 
any load from the other two tappings, so that the total load 
on the eliminator is less than usual. This, therefore, must 
' not be considered as an abnormality. If we introduce the 

80 volts tapping we shall find that the voltage on the 120 volts 
tap will fall slightly due to the additional load, and w'hen we 
bring in aU three tappings, we should find that the voltage 
is approximately of the rated order. 

The variation of voltage with load on an eliminator vanes 
® considerably with different kinds of instrument, and depends 

entirely upon the resistance of the smoothing^ choke and the 
size of the reservoir condenser. A cheap ehminator has what 
we caU a bad regulation in that the voltap falls very rapidly 
as we increase the current taken from the instrument, whereas 
a more expensive eliminator has a more level charactenshc. 

L.T. Eliminators ^ ^ ^ ^ v u .5 

L.T. eliminators are sometimes used, although to a hnut^ 
extent. These are built on exactly the same hnes as H.l. 


I 
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• " " ' eliminators, but the voltages dealt with are of a smaller order. 

Electrolytic condensers, having a capacity in the neighbour- 
hood of 2,000 microfarads, are used for the reservoir and 
smoothing condensers, and the chokes are of relatively low 

; resistance. Even so, the regulation is still bad and the voltage 

output varies considerably according to the current taken 

• from the instrument. For this purpose a variable resistance 
is usually included in the instrument, together with a D.C. 
voltmeter, to indicate when the correct voltage is obtained. 

; In adjusting any such instrument for correct operation on 

; : the receiver, it must always be used with the correct number 

J of valves, and the rheostat must be controlled to give the 

f right voltages on the valves. If any alteration is made to the 

number of valves in use, the voltage will be altered at once. 

A test for faults on such an eliminator follows out exactly 
the same principles as already outlined for the H.T. eliminator. 

A.C. RECEIVERS 

AU-A.C. receivers are becoming increasingly common 
to-day, and for these instruments special valves are often 
employed in which the customary filament is replaced by an 
indirectly-heated-cathode type. These use a suitable cyhnder 
or block of material coated with oxides which give off electrons 
profusely at a relatively low temperature. Running through 
the centre of this cathode is a small heater which is supplied 
with current from the A.C. mains at a voltage of 4 volts and a 
current of i ampere. In order to avoid hum, the cathode is 
usually connected to the centre point of the 4 volt winding 
on the mmns transformer as this avoids any undesirable 
electrostatic effects. The cathode is made fairly massive so 
that it retains its heat and gives off a steady supply of electrons 
despite the fact that the heater is carrying a fluctuating current. 

Receivers incorporating such valves may be tested iii 
exactly the same way as ordinary receivers, the cathode being 
considered as the filament in each case. The only difficulty i 
which is likely to occur is in the failure to obtain a connection ! 
between the cathode and the H.T. — . There is a tendency, j 
particularly where receivers have been converted from battery I 
working to A.C. working, for the heater to be considered as i 
{ } filament, and for the H.T. — to be taken to the heater j 

1 j. winding without any further connection with the cathode. 
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In this case the valve will obviously be unable to function 
correctly, for it is just the same as connecting up a battery 
circuit with no connection from H.T. - to the L.T. battery. 
Barring this point there is not likely to be any difficulty with 
A.C. valves. 

In many cases the valve is directly heated by raw A.C. 
at a potential of 4 volts or more according to type. In such 
cases the H.T.— connection is taken to the centre point 
of the L.T. winding on the transformer. The circuit other- 
wise behaves as a battery-driven arrangement. 


Free Grid Bias 

A method of obtaining grid bias which is in ver\* common 
use with the A.C. valves is the system known as free" grid bias. 
With this arrangement the cathode of the valve is not directly 
connected to the H.T.— /'--x 

but is taken through a 

resistance. If we consider y^^^^Cathooie ^ 

an isolated valve, such as 

that shown in Fig. 49 it ^ — 

will be seen that the — e 

anode current from the ] L I § 

H.T. supply passes ’-Aww-j — y- ^ ^ 

through the anode circuit, — II — f . 

through the valve and Winding 

then through this resist- Fig. 49. — Illustrating Method of 

A Obtaining free Grib Bias. 

ance to H.l.—. A volt- 


age drop is, therefore, developed across this resistance, and 
as the H.T. — point is most negative in the circuit, the 
voltage drop on this resistance will be in the correct direc- 
tion to provide grid bias. The grid circuit of the valve is, 
therefore, connected direct to H.T.—, thereby becoming a 
certain voltage negative -with respect to the cathode. The 
value of the resistance is chosen such that the correct value of 


grid bias required is applied. 

We only require a steady voltage to be developed across 
this resistance, however, and we do not wish fluctuating 
currents to set up any voltage in the grid circuit. A large 
by-pass condenser ranging from i microfarad to 4 microfarads 
depending upon the circuit is, therefore, connected across 
the grid bias resistance as shown in the figure. In any A.C. 
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receiver this grid bias 
must thus be checked 
up on each valve in 
order to make sure that 
the valves are function- 
ing under their correct 
conditions. 

Fig. 50 shows a three 
valve A.C. receiver of 
modern design. A small 
negative grid bias is 
provided on the H.F. 
valve, and a larger bias 
on the L.F. valve. The 
g grid leak in the detector ! 
t valve is taken direct to j 

I the cathode, no grid 
^ bias being , provided | 

g here. The examination ' 

I of such a receiver for | 
. faults follows out the | 

<j standard principles | 

a adopted with battery i 

g sets, and there is no ! 

^ need to outUne the pro- | 
^ cedure in detail. If the 
o fault is found to be j 

6 due to the eliminator | 

S- portion of the circuit s 

supplying the H.T., | 

then the tests must be \ 

applied as given earlier | 

in this chapter. The | 

grid bias on each valve | 

should ' be measured 
with a high resistance | 

voltmeter to see that | 

it is of the right order, ! 

but otherwise the cir- j 

cuit, although appar- j 

ently complex, requires j 

no special treatment. | 
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In some cases grid bias is not obtained by making use of 
thig special arrangement. Resistance is included in the neg- 
tive H.T. lead, and tappings are taken on this resistance at 
suitable points. Such an arrangement is shown in Fig. 51, 
the principal feature being that each lead has to be filtered 
to avoid coupling between the circuits. 

This system differs from the previ- HT+o \ + 

ous case in one particular. With free | 

grid bias the voltage applied to the i; 

grid circuit of each valve is controlled :§ 

entirely by the anode current flowing 
through the said valve. Hence, if for 

any reason a valve ceases to function, ^ ^ k ^ 

no grid bias will be applied to that ' ^ 5; 

particular circuit. In this second case “ ^ j 

the grid bias is controlled by the total ”” 

anode current flowing in the circuit so 
that if one valve is not functioning. Grid Bias. 

the grid bias applied to the other valves 

will be reduced owing to the smaller voltage drop produced 
by the decreased anode current. 

The Altering arrangements consist of a very high resistance, 
usually of the order of i megohm or more, with a by-pass 
condenser to earth as shown in Fig. 52. Since no grid current 
is actually flowing this high value of resistance is quite 
permissible, and acts as an effective choke against any audio 
frequency current trying to flow through the grid bias resis- 
tance. Such currents are immediately by-passed to earth 

i /y/;-. by the condensers, thereby 
avoiding any coupling due to 
common resistance in the grid- 
lead which is liable to cause 
trouble in the same way as a 
me^o m common anode resistance. 

Fig. 52.— Filtering ON Grid Bias Sometimes a combination 

CiRcini TO Avoid Back-Coupling methods is employed, 

an indirectly heated valve being used in the first stage, and a 

directly heated one in the second. _ .. . tj- t- 

XI16 point to xcmciiibcr in nil tlicsc cnscs is tiint H. X . ■ 
is the most negative point in the circnit. The cathodes of 
the valves in the case of indirectly heated valves are thus 


1 megohm 

-Filtering on Grid Bias 
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at a slightly positive potential, while in order to avoid hum 
the centre point of the 4 volt heater winding is connected 
direct to H.T. In the case of directly heated valves, the 
centre point of the heating winding is connected to H.T. — 
through the appropriate grid bias resistance — ^so that the 
filament again is at the necessary positive potential — ^while 
the grid circuit is connected to H.T. — , thereby obtaining the 
requisite negative voltage. 

With directly heated valves the grid voltage must always 
exceed the theoretical value by an amount equal to half the 
peak value of the A.C. heating voltage. Otherwise during 
certain portions of the cycle the grid bias will be insufficient, 
and we shall obtain grid current. Thus if we have in the last 
stage of an amplifier a valve having a 4 volt filament which 
normally requires 9 volts grid bias, we must arrange this 
grid bias resistance to give an extra voltage of 2 x 1.4, or say 3 
volts for safety. Hence our total bias voltage must be 12 
volts. 

The actual value of grid bias resistance is, of course, deter- 
mined by dividing the voltage to be developed by the anode 
current flowing in the circuit, expressed in amperes. It is a 
useful rule to remember that a current of i milliampere flowing 
through 1,000 ohms causes a drop of i volt. 

Provision of Centre Tap 

It is sometimes required to make a temporary (or perma- 
nent) centre tap on a filament winding. This may be done 
by connecting a centre-tapped potentiometer across the 
winding in question. Such a potentiometer, however, must 
be of low resistance (20 to 30 ohms only), as otherwise hum 
may be introduced into the circuit. 

A.C. HUM 

The problem of hum with A.C. receivers is in some respects 
less severe than with D.C. and in others more so. The very 
troublesome induction hum due to the positive earth or im- 
perfectly earthed main which was mentioned in the D.C. case 
does not^ arise. Direct induction can occur, however, in the 
receiver itself — between the mains transformer and certain of 
the components. This is more particularly the case where 
the transformer is too small for its work so that the iron circuit 
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is working at an abnormally high flux density with consequent 
large leakage flux. The remedy is to shroud the transfomier 
or move it farther away or dispose the components in some 
other manner. 

Hum due to imperfect smoothing of the rectified AX. is 
fairly easy to detect. The earlier stages require more smooth- 
ing, while the output stage will tolerate several volts A.C. 
ripple without producing serious hum. Introduce extra 
smoothing circuits consisting of a choke and condenser into 
each anode lead in turn until a case is found where a marked 
diminution in hum is obtained. This is the faulty link. 
Alternatively, increasing the smoothing capacity by adding 
further condensers in parallel with existing ones will give a 
similar though less definite indication. 

A process of elimination must he adopted as always, hut 
there is one important point 
to be remembered, namely, 
that the various circuits 
often affect one another to 
some extent. For example, 
a two valve A.C. set having 
a directly heated output 
valve with an indirectly 
heated detector will often 
hum when switched on, be- 
coming quiet in a few seconds after the detector heater has 
warmed up. The load of the detector on the L.F. trans- 
former stabilises the circuit. 

Clearly, if the detector valve is removed the hum will 
become worse, and if we wish to isolate the detector circuit 
we must adopt some other method. 

Earthing makes a considerable difference to the hum. 
Failing a good earth, all zero potential points should be con- 
nected to H.T. including aU the cores of the chokes, trans- 
formers, etc. If this point can be connected to earth as weH, 
so much the better. A form of artificial earth wliich is often 
helpful is that shown in Fig. 53. Two i microfarad condensers 
are connected across the A.C. supply, and the centre point is 
treated as an earth. 
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Fig. 53. — Form of Artificial Earth 
Often Useful with A.C. Sets. 


CHAPTER VII 


Special Tests 

In the foregoing chapter we have discussed the general routine 
of set testing in all the different departments. There are 
one or two special cases which require to be elaborated in 
order to appreciate how the principles already outlined can 
best be applied. It is proposed to deal with these in the 
present chapter. 


SHORT WAVE SETS 

Perhaps the most important of these special cases is that 
of receivers designed for operation at very high frequencies, 
so that the short wavelengths from lo to loo metres can be 
received satisfactorily. It is often supposed that reception 
on these wavelengths is difficult, but in practice, this is not 
the case, for a receiver behaves in exactly the same manner 
on short wavelengths as for the ordinary broadcast wavelength, 
always provided that one makes allowance for the very much 
higher frequency. In this light certain effects which are 
negligible on broadcast wavelengths become of considerable 
importance in short wave reception. 

Let us take, for example, one of the most common troubles 
experienced with this class of set, namely failure to oscillate. 
The circuit employed for producing oscillation in a typical 
short wave receiver is shown in Fig. 54. It wiU be seen to be 
similar in character to a standard broadcast receiver, the 
differences being in the values of its components. We have a 
tuned grid circuit, with a reaction coil coupled thereto, the 
amount of energy supplied from the anode into this reaction 
circuit being controlled with a variable condenser. 

Now commoii experience shows us that on the broadcast 
band the number of reaction turns required to produce oscil- 
lation satisfactorily is around 50 per cent, of the number of 
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turns on the tuned circuit. In some cases we can do with 
less than this, and up to a point the smaller the number of 
reaction turns the better, because in such a case the possible 
influence of the reaction circuit on the tuning is minimised. 
Exactly the same condition of affairs applies in a short-wave 
set. The reaction 
turns should be any- 
thing from one-third 
to one-half of the 
tuned turns. They 
must, of course, be 
coupled in the right 
direction. More 
turns than this 
should not be used 
because the tuning 
range will be seriously affected, and the same rule applies 
as in ordinary broadcast practice, namely, that the smaller 
the number of reaction turns the better. Therefore, if the 
circuit conforms to this specification, look elsewhere for the 
trouble. Do not waste time endeavouring to increase the 
number of reaction turns. 

Another fallacy which is very prevalent is that low- 
loss tuning arrangements are essentiad. Whether this is the 
case or not depends on what is meant by low-loss. The 
losses which are of importance at very high frequencies are 
the conductor losses and eddy-current losses. The dielectric 
losses are of secondary importance, in fact, less important 
than they are on normal broadcast wavelengths. Therefore, 
if one finds the coils wound on ordinary solid tube, do not 
immediately rush to the conclusion that the losses are too 
heavy. The important factors are that the turns on the coil 
should be spaced apart by a distance equal to several times 
the diameter of the wire, and the wire should be copper or 
silver-plated copper — ^not nickeled or tinned. 

By-Pass Arrangements 

These points have been dwelt upon, because considerable 
time can be wasted in altering a circuit unnecessarily. The 
production of oscillation at short wavelengths is a relatively 
simple matter, and is controlled by far more ordinary causes 
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than one would suppose. Perhaps the most common source 
of trouble is the failure to provide an adequate path for the 
high-frequency currents after they leave the tuned circuit. 
Let us return once again to Fig. 54. In the grid circuit we 
have a potentiometer across the filament in order to obtain 
the best rectifying point, so that the reaction shall be smooth, 
A high-frequency current has to pass from the tuned circuit 
to the grid and filament of the valve along the two feeder 
lines AG and BF. It will be clear that in the line BF we have 
the resistance of part of the potentiometer, and this may offer 
sufdcient impedance to the current to prevent the circuit from 
oscillating. A condenser should, therefore, be placed between 
the point B and the negative filament lead as shown. A 
condenser from the anode of the valve to L.T. — will again 
assist the detector to function properly, and will often cause 
the circuit to oscillate rather than prevent it. 

Fig. 55 shows a tuned-anode circuit ; although the high- 
frequency amplification on these wavelengths is usually small, 

the advantages 
gained from a high- 
frequency stage are 
often of value. 
Reaction in this 
case is applied 
from the detector 
valve on to the 
tuned - anode cir- 
cuit, and it will be 
found imperative 
to connect a by- 
pass condenser across from the point X to L.T.—. It 
may be that the particular set already has a large con- 
denser across the H.T. battery, but as explained in 
a previous instance, this will not be sufficient. The 
inductance of the lead running from the tuned circuit to the 
H.T. terminal will often be sufficient to prevent the circuit 
from oscillating, and the by-pass condenser must be con- 
nected from the tuned circuit itself to the negative side of 
, the filament of the detector valve, using as short a lead as 
possible. 

These two instances will serve to exemplify the differences 
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in procedure arising from the very high frequencies, and these 
remarks, coupled with what has been said in previous chapters 
dealing with tuning and H.F. amplifying circuits, should 
enable the reader to overcome any difficulties w'hich may 
arise. Make sure that the high-frequency energy has an easy 
path, remembering that the inductance of a short length of 
lead is quite appreciable at these high frequencies. As a 
matter of fact a length of wire 10 centimetres (4 ins.) long 
and I millimetre diameter has an inductance of o-i /aH, and 
this at a wavelength of 20 metres has an impedance of approxi- 
mately 10 ohms, so that although its high-frequency resistance 
is a small fraction of an ohm, such a wire would present con- 
siderable impedance to the high frequencies witri ’Vinc';: w^e 
are dealing. 

Tuning Difficulties 

This leads to the second of the difficulties usually en- 
countered in short wave practice, that of obtaining satisfactory 
tuning. This point is also wrapped up with the production 
of oscillation, for in certain cases a badly conceived layout 
will not only give a poor tuning range, but will prevent the 
circuit from oscillating. 

Perhaps the principal feature of short-wave reception is 
the very small inductances which have to be employed. ^ In 
order to tune to resonance with a condenser of *0001 micro- 
farads, at a frequency of 15 million cycles per second (20 
metres) we require an inductance of 1-2 microhenries only. 
This is obtained by using two or three turns of wire on a rela- 
tively small diameter former, the turns being well separated in 
order to minimise conductor loss as was mptioned previously. 
We have already shown that a length of 4 ins. (10 centimetres) 
of wire has an inductance of o-i microhenry, which is nearly 
10 per cent, of the total inductance of the circuit. It is quite 
possible to arrange the coil some distance away from the 
tuning condenser, so that leads considerably in excess of 4 
have to be used. This might easily increase the total induct- 
ance in the circuit so much that the circuit would not tune 
down to the wavelength for which it was intended. 

So far we have only considered the inductance of a straight 
wire, but if we arrange our wires so that they enclose an area 
the inductance is increased. In practice it is quite an easy 




Fig. 56. — Example of Bad 
Circuit Wiring. 


testing radio sets 

matter to double the inductance by bad wiring so that a 
drcuit intended to tune say 15 metres would actually 

refuse to tune below about 25 inetres. , i • -n . . . 

Such a trouble is illustrated 

in Fig. 56 where the oft quoted 
advice to keep the grid leads 
short has been followed out. 
The lead between the coil 
and the grid of the valve 
is undoubtedly very short, 
but actually the tuned circuit 
does not only consist of the 
coil and the condenser, for the 
closed loop shown in heavy line 
is also within the tuned circuit, and probably has an induct- 
ance comparable with that of the coil itself. 

The circuit correctly arranged is shown in Fig. 57, where 
the leads between the coil and the tuning condenser are as 
short as possible and are run relatively close together (not 
less than in. apart, in order to avoid excessive capacity), 
while relatively long leads are taken from the tuned circuit 
to the grid. Such practice is preferable for although long 
leads to the grid may cause a small loss in voltage, they do 
not affect the tuning properties of the circuit. 

Hence, if the circuit does not tune down to the nominal 
wavelength, therefore this is the 
first thing to suspect. If the 
con has the correct inductance, 
then with a proper layout of 
the circuit, it must tune to 
its nominal minimum without 
difficulty. The valve, valve 
holder, and variable condenser 
all combine with the wiring to 
give a minimum capacity in 
the neighbourhood of 50 micro- 
farads ; this capacity must be taken into 
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account when 

calculating the minimum wavelength to which the circmt 

will tune. , 

The possibOity of bad wiring preventing oscillation was 
mentioned earlier. The reason for this will now be clear. 
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We couple our reaction coil to the tuning coil in the circuit. 
We have seen that it is not desirable to increase the reactio: . 
turns to a value much in excess of half the number of c:i 
the tuning coil. Clearly, if the circuit wiring is so constructed 
as to introduce an extra inductance of the same order as iha: 
of the tuning coil, our reaction winding is no longer coupled 
to the whole circuit, but only to a part thereof. Under suci: 
circumstances reaction may be difficult to obtain. On re- 
wiring the circuit as already discussed, the reaction coil will 
couple to the whole inductance in circuit, and this will probably 
be found to cure the difficulty. 

The possibility of the reaction coil affecting the tune has 
also been referred to. If the number of turns on the reaction 
coil is excessive, it will prevent the circuit from tuning to its 
proper minimum. This more particularly is the case where, 
owing to bad construction or insufficient by-passing in the 
rest of the circuit a large amount of reaction capacity has to 
be employed in order to make the circuit oscillate. 

Suppose, for example, that we have 4-turn coil tuned with a 
condenser of 100 /x/xF, including valve aild circuit capacity. 
Let us assume that the reaction coil has 2 turns, but that 
owing to bad construction the reaction condenser has to be 
increased to 300 (-0003 juF) before the circuit oscillates. 

Now the tune of this reaction circuit is distinctly higher than 
that of the grid circuit, and it will be found impossible to tune 
the circuit below the wavelength at which the reaction circuit 
resonates. 

Therefore, not only must the reaction turns be kept small, 
but the circuits must be carefully constructed so that only a 
relatively small value of reaction condenser is necessarjn 
Various ways of making the circuit oscillate easily have already 
been discussed, and attention to these points will usually 
result in the circuit behaving in a satisfactory manner. Many 
of the points discussed have been largely matters of design, 
but the peculiar difficulties encountered with short wave sets 
usually arise from defective design or construction. 

Threshold Howling 

A form of difficulty often experienced in short wave 
receivers is known as ‘'threshold howling.'" The . successful 
operation of a short wave set depends largely upon a veiy^ 
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smooth and progressive reaction control. Satisfactory ampli- 
fication at very high frequencies is still a matter of difficulty, 
and' the most popular forms of circuit, therefore are those 
emoloving a very highly sensitive and nicely adjusted detector 
circuit It may be found that just when the detector is on 
the threshold of oscillation, it sets up an unpleasant growl 
or shriek which entirely blots out the reception. This un- 
pleasant state of affairs is due to a change in the constants of 
the circuit which takes place immediately the set is made to 
oscillate The effect of this change momentarily pulls the 
set out of oscillation until conditions have readjusted them- 
selves when it will commence to oscillate again. Such a 
trigger action, equivalent to the mechanical operation of an 
electric bell, causes a squeal or growl having a frequency 
equal to the number of times per second the set falls in and 

out of oscillation. . . ^ , 

A simple remedy, which is usually effective, is to introduce 
a resistance in the anode circuit of the detector^ valve. A 
value of 10,000 ohms is usually sufficient. _ With a grid 
detector the anode current falls when the circuit oscillates, 
and this causes a decreased voltage drop on the resistance. 
Hence the anode voltage on the valve rises, and holds the 
circuit in oscillation. While we do not wish to use the circuit 
in an oscillating condition (unless receiving _C.W., when the 
difficulty does not arise), this arrangement is inherently stable 
and we can creep right up to the oscillating point without 
difficulty. _ 

Another remedy is to connect a ^ megohm resistance across 
the secondary of the L.E. transformer. Threshold howling, 
by the way," rarely occurs with a resistance-coupled stage, 
due to the fact just stated that a circuit with resistance in 
the anode lead is inherently stable. 



Flat Spots 

In tuning a short wave receiver, one often encounters 
effects known variously as “ flat spots,” “ dead spots,” " holes, 

“ beetles,” etc. The circuit refuses to oscillate, or requires a 
considerable increase in the reaction setting, at certain points 
of the dial. This is due to some absorption effect which must 
be located and removed if the trouble is to be overcome. 

The most prolific source of this absorption is the aerial 
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circuit. It may be that the wavelength being received coin- 
cides with a harmonic of the natural wavelength of the aerial. 
The difficulty is removed by altering the natural w’'ave- 
length of the aerial by inserting a small series condenser. A 
value of -0001 /xF is quite sufficient. The difficulty is more 
pronounced with long aerials and better reception all round 
is obtainable on short wavelengths with a small aerial. 

The introduction of a condenser in this manner may intro- 
duce a flat spot on some other wavelength. In some cases 
it is possible to arrange matters so that the aerial does not 
interfere with reception at all, but if this desirable state of 
affairs cannot be attained, arrangements must be made for 
inserting or removing the fixed condenser at will. 

If the aerial circuit is not found to be the cause of the 
trouble, then one must examine the receiver for possible 
closed circuits. It may be that certain portions of the L.F. 
stages, for example, constitute a completely closed inductance 
of relatively large dimensions, and this may resonate on some 
wavelength within the tuning range, and hence absorb energy. 
Particularly in a case where one is using some sort of frame- 
work or chassis this effect must be looked for. There is a 
possibility that some nearby circuit is causing an absorption 
effect, although this is rather rare. 

Before leaving the subject of short wave tests, some 
reference should be made to the method employed for checking 
the tuning with this class of receiver. An ordinary buzzer 
wavemeter is not suitable, and an absorption wavemeter is 
usually employed. This consists of a simple tuning circuit 
comprising a coil tuned with a variable condenser, the wave- 
length of the combination being determined according to the 
reading on the condenser dial. This wavemeter is brought 
near the circuit under test (within two or three inches) and the 
condenser is gradually rotated until the absorption takes place. 

The absorption is best observed by allowing the receiver 
circuit to oscillate gently. When the wavemeter comes into 
tune, the circuit will cease to oscillate over a few degrees of 
the wavemeter dial, and will recommence to oscillate as soon 
as the wavemeter is mistuned again or removed. From the 
reading on the wavemeter the wavelength of the circuit can 
then be determined. The circuit should be only just oscillating, 
as otherwise the wavemeter will have to be placed too close 
I 
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to the circuit in order to stop the oscillation, and this leads to 
inaccuracies. Secondly, the wavelength of the circuit in the 
oscillating and non-oscillating condition is not the same unless 
the circuit is only just oscillating. 
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SUPERHETERODYNE RECEIVERS 

Another form of receiver which requires special mention 
is the superheterodyne. This form of circuit is not very 
common in this country, but has some advantages which may * 
make for its popularity under special conditions. It consists * 
of an arrangement in which an oscillating detector is employed, 
so adjusted that the beats between the carrier wave of the 
incoming signal and the local oscillation are not produced at 
an audible frequency ,but at some relatively low radio frequency. i 

This current is then passed through what is known as an i 
intermediate frequency amplifier, which is tuned to the par- i 
ticular wavelength after which the signals are rectified in the I 

customary manner and ampMed at low frequency if necessarv. I 

The advantage of the method, of course, is that the tune of ? 
the intermediate frequency amplifier remains fixed and can i 
be made very sharp, thus enabling high and selective ampli- 
fication to be combined with simplicity of operation. 

Now apart from the general tests which have already been 
discussed, there are obviously two special forms of test which 
apply in this instance. The first of these is on the intermediate- 
frequency amplifier itseh. First of aU this must be tuned 
correctly throughout. The checking of this point is a somewhat 
difficult business, which is best done by plotting a resonance 
curve in the same way as is discussed in Chapter X. 

We can usually assume, however, that this is not the fault, 
for in the majority of cases the circuits are sufficiently well 
tuned to give good ampHfication and selectivity. / 

One is more likely to encounter a definite fault. Testing 
for this is a matter of proceeding through the amplifier stage 
by stage, applying the customary tests for continuity and so 
forth. If a buzzer wavemeter can be arranged to operate 
at the frequency to which the intermediate stages -are tuned, ? 

then of course one’s process through the set is facilitated, for I 

it is possible to obtain a rough check on the amplification of each I 

stage, and to see whether any one stage is not up to standard. | 

A more conmion form of difficulty is that of self-oscillation I 
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in the intermediate stages. The intermediate frequency 
amplifier must be constructed, of course, to give the greatest 
amplification possible with stability. In order to do this, the 
arrangement is often allowed to be unstable at its most efficient 
point, and is restrained from oscillating by the application of a 
small positive bias on the grids of the amplifying valves. It 
may be that one particular stage is too lively, and additional 
restraint must be placed upon it. 

The s3unptoms of oscillation in the intermediate stages 
are that nothing but whistles is heard on rotating the tuner 
and oscillator dials. Moreover, the customary oscillation 
whistle is obtained on the carrier wave of one’s local stations. 
This is not present when the superheterodyne is working 
properly. In order to find which is the offending valve a 
milliammeter should be inserted in each of the anode circuits 
of the intermediate frequency stages. The valve which is 
oscillating will be found to take considerably more anode 
current than the remainder. Having found the offending 
valve, either a less efficient valve must be employed or some 
deliberate damping must be introduced into the circuit. 
Alternatively, if one is really experienced, neutralising may 
be attempted. 

The First Detector 

Attention should next be turned to the first detector and 
the oscillator. For satisfactory operation the first detector 
must tune satisfactorily to signals on the normal wavelength. 
This is easily checked by using a pair of telephones in the 
anode circuit of the detector and tuning in with a buzzer 
wavemeter. Owing to the sensitivity of this class of circuit a 
frame aerial is nearly always used. The wavemeter should 
be placed near the frame and set in operation when signals 
should be clearly received and sharply tuned. 

Next we must ensure satisfacto^ oscillation is being 
produced to combine with the incoming signal and produce 
the inaudible (supersonic) beats. The frequency of the 
oscillator is near to that of the incoming signal, being such 
that the difference in frequency between the local oscillation 
and the incoming signal is equal to the intermediate frequency. 
If one is working with an intermediate frequency of 30 kilo- 
cycles (10,000 metres) and wishes to receive a frequency of 







830 kilocycles (360 metres) the oscillator must be adjusted 
to 800 or 860 kilocycles. Thus the range of oscillation required 
is gimilar to the tuning range of the frame aerial circuit. 

The oscillation may be produced by a separate valve, or 
by allowing the detector valve to oscillate. In either case 
one can check whether the circuit is oscillating or not by 
inserting a milliammeter in the anode circuit. If the circuit 
is oscillating there wiU be a large change in current if one 
places a finger on the grid of the valve, or upon the grid side 
of the variable condenser. Alternatively, a pair of telephones 
may be used in place of a milliammeter, a loud “ plonk ” 
being heard if the set is oscillating, and only a soft “ plop 
if the reverse is the case. 

If the circuit is not oscillating it means that the reaction 
winding on the oscillator is either not functioning (discon- 
nected or faulty) or that the anode circuit of the valve is 
insufficiently by-passed. Since both the oscillation and the 
incoming signal are at the customary broadcast frequencies, 
adequate returns to earth must be provided for the currents 
after they have done their work. In the anode circuit of 
the first detector valve there is a tuned circuit which is adjusted 
to resonate at the beat frequency — a fairly long wavelength 
(low frequency) as we have already seen. One must, however, 
provide a separate path for the high-frequency currents which 
are no longer required, having served their purpose. 

A by-pass condenser must thus be connected either directly 
from the anode of the valve or immediately after the first 
intermediate tuned circuit, if the arrangement is to work 
efficiently. Failure to incorporate these by-pass condensers 
may cause the oscillator circuit to cease to function in which 
case the whole circuit is dead. 

These are the general points in a superheterodyne receiver 
which require special consideration. There are other diffi- 
culties which arise, such as the use of insufficient coupling 
between the osdUator and the detector, which gives .weak 
signal strength ; or the use of too tight a coupling which 
causes the two circuits to interact seriously, one pulling the 
other out of tune with a " click.” Such matters, however, 
are details of design rather than fault-finding, and cannot be 
considered further in the present instance. 
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Some Curious Faults 

In previous chapters we have seen that “ method” is an all 
important factor in tracing faults. Not only does this make 
the process more rapid, but it is a fascinating exercise for the 
brain to work on logical lines, for by a process of elimination 
we are bound to find the solution. Most of us enjoy detective 
fiction merely because exercising the mind in the tracing of 
clues is a pleasant occupation. If we learn to do this also 
in tracing wireless troubles, much of the tediousness will 
disappear. 

The present chapter deals with some rather curious faults 
experienced' in the course of routine work. The troubles may 
justly be termed curious, in that they were not discovered 
merely by conducting the simple tests already described, but 
required additional thought, guided by the clues obtained after 
making the normal measurements. 

Grid Leak Troubles 

An interesting case was that of a receiver which developed 
a curious hum. There was no simple reason for this trouble, 
since H.T. batteries and L.T. accumulators were being used. 
The quality of reproduction did not appear to suffer, but it 
was noticed that when going into oscillation the reaction was 
unusually smooth ; even when the reaction condenser was 
suddenly increased the set slid into oscillation without any 
“plop.” This effect supplied the clue, for a low value of 
grid leak very often causes the reaction to become less smooth. 
Conversely reaction becomes smoother as the grid leak in- 
creases in value. On substituting a new leak the hum com- 
pletely disappeared. Afterwards it was found tl^t the old 
leak had suddenly increased in value from 2 megohms to 12 

117 




ii8 


TESTING RADIO SETS 



i': 



megohms, causing the grid circuit of the detector valve to 
pick up hum from the A.C. mains in the laboratory. 

Whilst on the question of grid leaks reference may be made 
to another rather baffling fault, taking the form of an elusive 
loose contact. This type of fault is very annoying. Loud 
crackles emanate from the loud speaker whenever anyone 
moves across the room. Some time was spent in going over 
aU connections, hoping to find a loose contact or unsoldered 
lead. Finally the trouble was traced to the grid leak being a 
loose fit in the holder, although in appearance the surrounding 
chps appeared to grip the leak securely. 


Partial Breakdowns 

A curious fault developed in an amplifier resulting in a 
regular series of loud chcks, something like the ticking of a 
clock but considerably faster. First of all I examined the 
grid leak, expecting that this was faulty ; the trouble, however, 
was not here. The noise was similar to that caused by rain 
falling on a badly insulated aerial lead-in wire ; for this reason 
various components were tested with a Megger^ in the hope of 
finding a leak from the terminals of a large fixed condenser 
to its metal casing or some such fault. The diagnosis was 
partly correct, for it was discovered that a low-frequency 
choke in the amplifier was short circuiting to frame. On 
replacing the choke the trouble entirely disappeared. 



Fig. 58. — A DualtImpedance Circuit which gave Trouble on one 

Occasion. 


Loose or bad contacts are responsible for quite a number 
of faults in practice. On one occasion an annoying crackling 
was experienced in a receiver employing two stages of dual- 
impedance coupling. The circuit is shown in skeleton in 

^ A device ior measuring insulation. 
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Fig. 58. Following the usual systematic methods it was 
found that the removal of the first valve Vj in the amplifier 
caused the crackling to cease. Therefore the fault was either, 
apparently, in the anode circuit of this valve or in some portion 
of the circuit prior to this point. The grid circuit of the valve 
was removed, and a short circuit was connected between the 
grid and filament. On re-inserting the valve the crackling 
was still present, indicating that the fault was not before 
the valve but was taking place in the anode circuit. 

Careful tests were made on the anode circuit, and indeed 
the anode choke was entirely replaced without eliminating 
the fault. Somewhat puzzled, I decided that the only pro- 
cedure was to continue the elimination process, and on replac- 
ing the coupling condenser the trouble was cured. This 
condenser was gradually breaking down, and allowing the 
high tension voltage from the first valve to reach the grid of 
the second valve in an intermittent fashion, causing the 
crackling in question. 

Misleading Measurements. 

One must always be sure, when testing a fault, that the very 
act of testing does not in its turn introduce misleading symp- 
toms, or even partially cure the fault. An example of this 
occurred in a mains receiver with which I recently came in 
contact. The last valve was taking no anode current, yet the 
valve itself was all right. This pointed to a break in the 
circuit, and after some investigation suspicion was centred on 
the grid bias resistance. This was in series with the anode 
circuit, which was of the type shown in Fig. 49. Reference to 
this figure will show that if the grid bias resistance was broken 
no anode current would flow, although a voltmeter test be- 
tween H.T. — and the anode of the valve would show full 
voltage. 

Somewhat thoughtlessly I assumed that if the grid resistance 
was broken no voltage would be developed across it, and this 
point was tested with a voltmeter, only to find that it registered 
50 volts — about twice the proper value admittedly, but the 
very presence of the voltage caused me to think very hard, 
and for a long time I could see no solution. In the end I took 
the resistance out, and checked it wdth an ohmmeter, finding 
that it really was broken as I had suspected. By connecting 
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a voltmeter across the resistance I had automatically completed 
the anode circuit, and the internal resistance of the voltmeter 
was acting as a grid bias resistance. Hence the reading of 
50 volts. 

Switch Contacts 

On another receiver a sudden fade would occur without 
any apparent reason. Signals would be quite normal and 
would suddenly fade away almost to nothing. Once again 
the process of elimination had to be brought into play, and 
it was found on replacing the coils in use with others of the 
simple plug-in t5rpe the trouble disappeared. The original 
coils were of the dual range pattern, having a self-contained 
switch, and it was found that one of the contacts of this was 
making a bad high-frequency joint, although it showed 
perfect continuity when tested with D.C. On opening the 
switch and reclosing it, so that the contact was made afresh, 
the trouble disappeared, and on any subsequent occasion 
the same remedy could be applied equally successfully. 

Similar trouble was experienced in a receiver in which 
the switch was not self-contained, but mounted entirely 
separately from the coil. The switch, however, was of the 
same pattern as in the preceding instance, being one in which 
two springs were forced into contact. This form of switch 
is liable to give trouble at high frequency, the pressure contact 
not always being sufficient to give a good high-frequency 
joint. If trouble is experienced, however, a simple opening 
and reclosing of the switch will usually overcome the difficulty. 

Imperfect Assembly 

The faults described so far have occurred in sets which 
were previously^ operating quite successfully. An unusual 
fault was once discovered in a hook-up on which experiments 
were being conducted. When the arrangement was com- 
pleted, nothing whatever was received — ^not even the local 
stations. On inserting a milliammeter it was found that the 
first valve was not taking any current, yet an investigation 
of the circuit failed to reveal any obvious fault. The valve 
was replaced by another without making any difference to 
the results, and it was not until the step-by-step test with a 
voltmeter was carried out that there was found to be no 
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connection between the anode terminal of the valve holder 
and the valve itself. Investigation showed that the holder 
was defective. In the process of assembly a small insulating 
washer had become inserted under the terminal nut of this 
contact on the valve holder, so insulating the terminal from 


the socket. 

On another occasion a somewhat similar fault occurred 
in a coil. A special form of soldering tag was used, having 
two tags, one connected to the wire on the coil and the other 
to the external connection from the set. The tag w’as held 
under a terminal and an additional connection had been taken 
to this temainal. The circuit refused to function, giving every 
indication of a break, yet 



Nut not in contact 
with tag. 


no break in any wire could 
be traced. The fault was 
finally located to the termi- 
nal itself. Firstly, the tag 
was held firmly by the 
two wires soldered to it. 

Secondly, the hole in the 
tag was a httle larger than 
the stem of the terminal so 
that it did not make contact. 

Thirdly, the nut on the terminal was faulty, and did not screw 
right home on to the tag. These three effects conspired to 
give a complete break between the terminal and the tag, so 
that the wire connected to the terminal was not in contact 
with the other two (see Fig. 59). 


Clearance between 
tag and stem of 
terminal. 

Fig. 59. — Illustrating a Curious 
Fault. 


Pick-up Points 

The attachment of a gramophone pick-up to a wireless 
set may sometimes give rise to trouble. If the inductance of 
the pick-up is high and the amplifier has a tendency towards 
instabihty, howling will occur when the pick-up is connected 
in circuit. The remedy is a leak across the pick-up of as 
high a value as will just give satisfactory stabihty. A more 
usual trouble is a howl or hum (particularly in a mains set) 
arising from the length of lead connecting the pick-up to the 
set. Most of us have, at one time or another, touched the 
grid of a detector valve with our fingers, and noted the resulting 
low-frequency howl, due to contact with an improperly earthed 
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body of considerable dimensions. A long lead can cause 
similar effects. If, however, it is necessary to use a long lead, 
the trouble may be generally overcome by using lead-covered 
wire and earthing the lead covering. 

When a gramophone pick-up is attached to a set through a 
suitable transformer, the grid circuit is apt to become noisy 
since it is in close proximity to the iron core of the trans- 
former. This trouble may be often entirely overcome by 
connecting the filament side of the secondary to one side of 
the primar}/" (and if necessary to the core also). 

Poor Quality 

Another peculiar fault occurred in a battery-driven set. 
For months the set had been given excellent quality of repro- 
duction, when suddenly bad distortion started for no apparent 
reason. The valves were found to be all right, the H.T. and 
grid bias battery showed fuU voltage, and the L.T. accumu- 
lator had just been charged. 

When re-checking the L.T. voltage on the set, however, 
it was noticed that a reversed reading was obtained. Yet 
the accumulator was apparently correctly connected. A 
further investigation showed that the polarity of the 
accumulator had been reversed and on connecting it 
up the other way round the quality at once became 
normal. Needless to say the accumulator was not left 
in this condition but was returned poste-haste to the 
charging station where I had a '' few bars '' with the man 
in charge. 

During a test on a powerful mains receiver some trouble 
was caused by a curious hum which would occur at intervals 
and then entirely disappear. The H.T., L.T. and grid bias 
potentials were all checked and found correct, whilst there 
was no apparent loose contact. Following the methods 
already outlined for testing a set, various stages were elimin- 
ated in order to discover in which portion the hum was occur- 
ring. This was done by connecting a 2 microfarad condenser 
from grid to filament, starting with the last valve and working 
back to the first stage. By a mistake the condenser was 
connected between the grid of the detector valve and the 
H.T.-b. It charged with the usual spark, and the set iiri- 
mediately became dead silent. I thought at first that the valve 
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had burnt out, but to my surprise an adjustment of the dials 
brought in the usual stations, but without a trace of hum ! 
Undoubtedly the charging of the condenser had cured the 
trouble, A careful examination of the grid circuit brought 
to light a bad contact in one of the leads. The current surge 
when charging the condenser had momentarily welded the 
loose contact together. Retightening this contact effected a 
permanent cure. 

Some time ago I was asked to inspect a set built to standard 
design. In switching on the set, the quality of reproduction 
from the loud speaker was excellent for the first two minutes, 
after which there appeared a low hum and a ” cutting up of 
speech and music, entirely spoiling the reproduction. The 
set was examined carefully to see whether any parts were 
overheating and the valves were replaced one by one. Still 
the trouble continued. The output choke, however, had 
rather a smaller iron circuit than one would recommend for 
use with a high value of anode current, and it was decided that 
this might be a possible cause of trouble. On replacing it 
with another more suitable type the trouble completely disap- 
peared. The most interesting feature of this fault was the 
gradual appearance of distortion, due to an apparent slow 
tiring of the iron. 

On another occasion a similar effect was observed in a 
mains set, but this time it arose from a totally different cause. 
The symptoms were as before, hum and distortion gradually 
building up after the set had been in use for several minutes. 
There could be no question of saturation in this case, since 
tonstant-inductance chokes vrere used. The fault w^as dis- 
covered by systematic tests with the voltmeter. As soon 
as the set developed distortion it was found that the grid 
bias on one of the low-frequency valves had risen to an unsuit- 
ably high value, indicating that the grid bias resistance for 
that particular valve had momentarily increased considerably. 
A test across the resistance gave a reading of several megohms, 
yet as soon as the set was allowed to cool the resistance assumed 
its normal value. The trouble here was caused by the 
expansion of the former on which the bias resistance had 
been wound, causing a break in the wire. When the former 
was allowed to cool the broken ends of the wire came together 
again. 
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Jumping to Conclusions 

The final fault to which reference may he made is an inter- 
esting commentary on the statements made elsewhere in this 
book, regarding the practice of diagnosing a fault from the 
noise the set makes. While in many simple cases the experi- 
enced operator can tell what the defect is from the noise which 
the set makes when it is switched on, sooner or later such 
crude methods are bound to fail, and therefore I have not 
stressed this aspect of the question. 

The reliance I place, myself, upon such methods is limited 
to a few isolated cases which have already been mentioned, 
such as the distinctive choked sound produced by a broken 
grid circuit. Even such simple indications are by no means 
infallible as the following example will show. 

The fault in question developed on a three valve amplifier, 
which was being tested on the bench. It gave quite good 
results at first, but after one or two alterations had been made 
it suddenly developed that curious strangled effect, usually 
associated with a broken grid circuit. Seeing that the appar- 
atus was merely hooked up, I considered the possibility of a 
broken grid circuit quite feasible, and went over all the con- 
nections very carefully. No success attended these efforts, 
and the difficulty still remained. 

Feeling rather peeved (because all this, of course, was 
wasting time, since until the fault was found I could not 
proceed with what I wished to), I resorted to elimination, and 
gradually found that the trouble still occurred even with the 
last valve only in circuit. I therefore spent some considerable 
time chasing round the grid circuit of the last valve looking 
for some obscure fault such as a badly assembled terminal or 
something of this nature. 

Finally I did what should have been done at the start, 
applied voltmeter tests, and found that the valve was 
functioning quite satisfactorily. The whole trouble was 
that I was using a choke output circuit, and the condenser 
by-passing the low-frequency current onto the loud speaker 
had broken down. Yet the symptoms were such that I was 
almost certain of a broken grid circuit, and wasted considerable 
time trying to find a fault which was not there. 
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CHAPTER IX 
Laboratory Testing 

Laboratory or works testing, although of a more limited 
appHcation than general fault testing, is of the greatest import- 
ance in the design of receivers. The usual procedure is to 
naake an experimental model of the proposed receiver, and to 
find out from its behaviour whether it bears out the particular 
requirements or theories of the designer. In the early days 
the performance of a receiver of this nature was gauged by 
aural methods, but this is manifestly unsatisfactory for two 
reasons. In the first place the ear is quite unable to gauge 
small differences in strength. Generally speaking, it takes a 
critical ear to detect a change of lo per cent, in the voltage or 
current. Secondly, it is very difficult for the ear to remember 
accurately the strength of any signal, and if one makes some 
alteration extending over a fair period of time, one is hardly 
able to gauge whether the results are better or worse. In 
fact the only way is to leave the original model connected up, 
and to make up an entirely fresh model incorporating the 
improvements, so that one always has a standard to work 
it to. 

Such crude methods as this could not last long, and it is 
not surprising that definite scientific tests have been devised 
in their place. The voltages developed in various portions 
of the circuit were measured, and compared with theoretical 
esqiectations. By this means it was possible to determine 
exactly where any troubles were situated, and what remedies 
would best be taken to overcome them. It is a matter of 
relative ease to-day to make comparative tests on the ampli- 
fication of the various portions of the circuit, and the science 
is developing to such an extent that it is now possible to 
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obtain overall characteristics of radio receivers in terms of 
the various qualities which are desirable and to rate the 
receiver as giving a definite performance so that one has a 
constant check on the progress that is being made. From the 
point of view of the user the application of scientific tests is 
of less interest. He is concerned more with whether the 
receiver will give Mm whichever stations he wants. He may 
be satisfied with local reception or he may wish to listen to 
continental transmission. The standard of quality which he 
demands is again a matter which varies with the individual 
taste. He may be satisfied with a passable reproduction 
which he may term “ mellow ” and pleasing to listen to, or 
he may be a stickler for the best reproduction that is possible 
with modern apparatus. It is even possible that he may not 
care what the reproduction sounds like as long as his friends 
across the way can hear his loud speaker 1 Fortunately this 
class of user is dying out. 

Scientific data on the set is thus more of interest to 
designers, in order that they may make comparisons between 
their own models and ensure that they are making adequate 
process, and also to buyers who wish to compare the relative 
merits of a number of sets, and who have an immediate idea 
from representative test figures as to the probable capabilities 
of the receivers in question. They can then select some of 
the more promising ones and to see to what extent expec- 
tations are justified by the results on an actual aerial test. 

The problem has been tackled to a much greater extent 
in America than it has in tMs country, where the manufactured 
receiver has become a more stable product. Receivers are 
built in that country and marketed for a limited period, after 
wMch^they become obsolete, and are replaced with next 
season’s models. Owing to tMs policy and also to the large 
production wMch is possible in that country, receiver testing 
methods have had the opportunity of developing considerably, 
and the scientists have brought such tests to quite a high 
degree of perfection. 

In this country the problem is aggravated by the diffi- 
culties of measurement, for nearly all the receivers here utihse 
reaction. In such circumstances it is difficult to define the 
high-frequency amplification of the stages up to and including 
the detector, for the results can he varied enormously by a 
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relatively small motion of the reaction condenser. It is not 
even satisfactory to set the reaction condenser at zero, for 
the whole system may be operating near the oscillation point, 
while a design which is thoroughly stable is perhaps penalised 
if a test of this nature is applied. 

It is not part of this book to discuss the process of receiver 
testing at length. It must suffice to say that there can be 
little doubt as to the value of laboratorj- testing to the designer, 
and it is to be hoped that in due course scientific information 
may be available regarding manufactured receivers, even if this 
information is not necessarily imparted to the public unless 
asked for. It will cultivate the habit of thinking in terms of 
scientific facts, and this must inevitably react for the good of 
the radio industiy. 

In the following pages a brief outline will be given of the 
methods adopted for testing receivers, both in the research 
laboratory before the design is completed, and in the w^orks 
laboratory during the process of production. 









CHAPTER X 

Signal Strength Tests I 

The device most commonly used for testing the performance ; 
of radio receivers is an artificial transmitter in the form of a I 
modulated high-frequency oscillator. This oscillator must, ' 
of course, be capable of generating frequencies covering the 
whole waveband of the receiver, and the currents must be 
capable of being controlled both as regards frequency and i 
amplitude in a convenient and ready manner. Secon^y, it j 
must be possible to modulate the radio frequency from a '' 
suitable audio-frequency source, and the extent of the modu- ? 
lation must be capable of being controlled an’d measured with ? 
satisfactory degree of accuracy. 

These requirements are capable of being fulfilled with 
little difficulty, but the third essential — ^that the output of 
the oscillator must be under complete control — ^is more difficult ' 

to comply with. This requires that the whole apparatus 
shall be so screened from the receiver that it is not possible 
for any appreciable energy to be transferred from the oscillator 
to the receiver under test, except through the legitimate 
channel provided. Energy flowing in this channel is, of course, I i 
capable of measurement, and this is the basis of the whole ’ ^ 

system of testing. y ' 

In cases of scientific interest the precautions that have to 
be taken to ensure this complete control are extraordinarily 
■complex. The National Physical Laboratory uses two com- . 
pletely screened cabins separated by a copper tube carrying 
the leads from one to the other. In one cabin is situated the 
oscillator together with its modulating arrangement, while 
in the other cabin the receiver and the apparatus for measuring 
the output are housed. Such apparatus is, of course, com- 
mercially impracticable. 
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In considering simpler 
screening, the question arises 
as to whether to screen the 
oscillator or the receiver. In 
some ways the latter is better 
practice, because the enclosing 
of the receiver in a screened 
compartment not only avoids 
any stray coupling with the 
oscillator, but also avoids direct 
pick-up from radio weaves trans- 
mitted by broadcast stations 
in the vicinity which might 
otherwise invalidate the result. 
On the other hand one requires 
to operate the receiver, and 
the design of screening appara- 
tus capable of permitting opera- 
tion of the receiver, and at the 
same time being really screened, 
means virtually that one has 
to build an entirely screened 
cabin and carry out all the tests 
therein. 

One can, of course, enclose 
the receiver in a small com- 
partment with a removable 
front, and having adjusted the 
receiver satisfactorily, the front 
can be put in position, thereby 
completing the screening. One 
still has to have an external 
meter, however, and from the 
point of view of consistency of 
operation the most favourable 
method is that of screening 
the oscillator itself. 

Particularly for commercial 
purposes where a high order 
of accuracy is not required, this 
method is quite satisfactory. 

K 
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The oscillator must be very carefully screened, there being 
no holes or joints in the screening where such can possibly be 
avoided. Even the coupling leads from the output of the 
oscillator should be brought away in a short tube, in order to 
avoid any leakage of energy through the holes necessary for 
the leads. All batteries must be included within the apparatus, 
and it is usually found necessary to make the screening double, 
i.e. virtually to enclose the apparatus in two metal boxes, each 
of which is as complete as possible. 

A schematic photograph of a simple set testing equipment 
is shown in Fig. 62. On the right is the gramophone with 
electrical pick-up providing L.F. currents for modulating the 
H.F. oscillations produced in the centre apparatus. The out- 
put is supplied to a dummy aerial coupled to a single valve 
set, while the voltage output from this is measured with a valve 
voltmeter. The circuit of this oscillator is shown in Fig. 
63. The high frequency circuit will be seen to be standard in 
character, the modulating arrangement adopting the Heising 
or choke-controlled system. In accordance with customary 
practice the modulating valve must be capable of taking con- 
siderably more anode current than the oscillator valve, and in 
practice the valves specified on the circuit diagram function 
satisfactorily. 

The measurement of the oscillating current is effected by a 
small vacuo-junction which is built inside the instrument, 
leads being taken from the D.C. side to two terminals on the 
case. A meter is connected to these terminals externally, 
this meter being clearly visible on the photograph of Fig. 62. 
Low-frequency modulation is supplied by means of a gramo- 
phone pick-up connected across the modulator circuit. 

MODULATION 

The output from the pick-up is not, in itself, sufficient to 
produce adequate modulation, and an extra stage of ampli- 
fication has to be employed. This is clearly shown in the 
arcuit, the whole being incorporated within the oscillator 
For constant-frequency modulation, one of the constant-note 
records supplied by the various gramophone companies proves 
very satisfactory, while for ordinary testing work any suitable 
record may be used. For definite measurement work, of 
course, it is necessary to maintain a constant modulation 
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and a constant frequency, and where any prolonged experi- 
ments have to be carried out, use of a gramophone is not 
desirable due to the continual necessity for changing the needle, 
etc. In such cases the output from a suitable low-frequency 
oscillator, as described in Chapter XI, should be connected 
across the input terminals in place of the gramophone pick-up. 
The method of operation, however, is cxactk- sane. 

The measurement of the modulation is' best carried out 
on this circuit by observing the alteration in the oscillating 
current when the circuit is modulated. 

If is the current with no modulation, 

J2 is the current with modulation. 

Then the percentage modulation is given by : 

X 100 

The following table is of use ; 

TABLE III 

INCREASE OF CURRENT WITH MODULATION 


Percentage 

modulation. 

Percentage in- 
crease in current. 

15 

1. 1 

20 

2.0 

30 

4-5 

40 

8.0 

50 

12.5 


This method, of course, has the disadvantage that if the 
modulation is small the increase in deflection is negligible. 
Actually, however, the increase becomes appreciable at about 
15 per cent., and thereafter increases quite rapidly. With 
the customary modulation of the order of 30 per cent., the 
increase in deflection is quite easily readable with a comfortable 
degree of accuracy. Where a constant-frequency modulation 
is concerned, aU that is necessary is to adjust the oscillating 
current to a suitable value with no modulation in operation. 
The modulating system is then brought into operation, and 
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the increase in current is noted. From the formula just given, 
the modulation can then be immediately determined, or 
alternatively the degree of modulation can be varied by means 
of the volume control until the increase in current reaches 
the predetermined value. 

Where one is adjusting a record to duplicate an actual 
transmitter, it is necessary to determine the degree of modu- 
lation of some definite frequency. The modulation is largely 
determined by the lower frequencies, and in practice the best 
approximation to practical conditions is obtained by adjusting 
to 30 per cent, modulation at a frequency of 250 to 300 cycles 
per second. It does not particularly matter what frequency 
is chosen as long as one always makes the measurement in 
the same manner. 

CONTROL OF OUTPUT 

Having obtained satisfactory modulated current from the 
oscillator, the next step is the control of the output. Assum- 
ing that the apparatus is adequately screened so that, apart 
from a definite output coupling arrangement, no energy is 
allowed to escape, we have now a choice of several methods. 


Output 

from 

Oscillator 



ToA&E 
Term/nais 
on Receiver 


Fig, 64. — Dummy Aerial for use in Set Testing. 


The first method is to pass the oscillating current through a 
small resistance which can be calibrated. The voltage drop 
across this resistance can then be calculated in terms of the 
current and resistance. This method is quite convenient 
where one does not require too small an input, as otherwise 
the values of current and resistance become too small for 
satisfactory measurement. 

The voltage thus generated is introduced into a dummy 
aerial circuit or directly into the first tuned circuit of the 
receiver. The latter method must, of course, be adopted 
where one is using a frame aerial system. The two possible 
methods are shown in Figs. 64 and 65 respectively. 

The second method is by the use of an inductive coupling 
between the oscillating circuit and the output. A small 






SIGNAL STRENGTH TESTS 


133 



coupling coil is placed in a position such as to couple witli 
the main oscillating circuit, and if necessary the position 
and/or orientation of this coupling coil must be'made variable. 
This method has the disadvantage that the output cannot 
be calculated with accuracy, but it can quite easily be measured 
in the following manner. 

Additional batteries are brought into operation in the 
oscillator, and an oscillating current is produced greatly in 
excess of that normally employed for the test. A value of 
I milliampere is usually sufficient in order to generate the ver}* 
weak voltages required in ordinary^ practice, whereas for the 
purpose of this test the current may perhaps be increa.scd to 
100 milliamperes. The output voltage developed in the 
pick-up coil is then 

sufficiently large to § 

be measurable with Output P 7 “ 

sufficient degree of ^ /ro/77 

accuracy. One can, Oscillator 

for example, connect Fig. 65.— Alternative Method of Intro- 
XT- 4. DuciNG Signal into Receiver. 

the output coil across 

a resistance of 50 or 100 ohms, values which are so high in 
comparison with the internal resistance of the pick-up coil 
that this latter factor may be neglected. The voltage across 
this resistance can then be measured by means of suitable 
apparatus such as a valve voltmeter. 

Another method is to make the resistance across the output 
coil the heater of a vacuo-junction. A sensitive junction can 
be obtained, in which the heater resistance is of the order of 
50 to 100 ohms. By the use of this apparatus one can obtain 
an immediate indication of the actual current flovdng in 
the circuit, and this multiplied by the resistance of the 
heater is the voltage developed, to a close degree of approxi- 


mation. 

The voltage developed across the pick-up coil in actual 
practice is then assumed to be directly proportional to the 
current, so that if one only uses i milliampere oscillating 
current in practice, and 100 milliamperes for the test, all the 
calibrations must be divided by 100. Practical experience 
indicates this is justifiable. The method is, of course, equally 
applicable to capacity coupling, and in either case the Cali- 
bration must be carried out at various frequencies and a 
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series of calibration curves obtained, since the voltage induced 
is dependent on the frequency of the current. 

A third method, often adopted in America, is to use an 
attenuator. This is an arrangement which is connected across 
the oscillating circuit and is so constructed that the voltage 
across the output is a given small fraction of the voltage 
across the input. The circuit diagram of such an attenuator 
is shown in Fig. 66. This again can be calibrated on quite 
large currents, and then applied to relatively small currents, 

such as would be 
encountered in 
the oscillator un- 
der working con- 
ditions. It is 
convenient to ar- 
range the tappings 
Fig. 66.~-Sihple Attenuator. logarithmic 

manner so that the ratio of the voltages on successive 
tappings is constant. The decibel (dB) is a unit based on 
such logarithmic working and is convenient where one is dealing 
with large ratios such as are encountered in this class of work. 
For further information the reader is referred to an article by 
J. F. Herd in Experimental Wireless for January, 1929. 

By one of these three methods, therefore, we obtain a 
small voltage which is known and which is applied to the 
input of the receiver, either by being introduced into a dummy 
aerial system or by being induced directly into the tuned 
circuit of the first valve. This will produce a signal which 
will be amplified by the receiver in the normal manner, and 
the output at various portions of the receiver can be measured. 
Where one is interested in a scientific measurement of overall 
amplification, these measurements must be made with due 
care and strict regard for accuracy. Where one is merely 
examining the performance of a receiver, perhaps in com- 
parison with a previous model of the same instrument, one is 
concerned not so much with actual figures, but with com- 
parative readings, and less stringent precautions have to be 
taken. 

One can measure the output either in terms of the voltage 
applied to the grid of the detector valve (for the H.F. stages 
only) or carry through to the ppwer yalve where we can either 
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measure the volts applied to the grid or determine the power 
developed in suitable resistance in the anode circuit of the 
output stage. Alternatively, one can measure the voltages 
developed on the grids of the successive valves, thus obtaining 
a check upon the amplification of each stage. 

If we are using a modulated high-frequency voltage, it is 
possible to do this either on the high-frequency stages or on 
the low-frequency stages, provided one has apparatus suitable 
for measuring the voltage in the various portions. 

A valve voltmeter is a very convenient piece of apparatus 
for such a purpose. 

This may either 

be purchased al- q 1 1 

ready calibrated in • * j r 

the volts , or it may s o ^ 

be made up and I z~ -Ar 

calibrated in the 

laboratory. A nii 

simple form of ^ 

valve voltmeter is o- 

shown in Fig. 67, Fig. 67. — Simple Valve Voltmeter Circuit. 

but for further in- 
formation on this subject the reader is referred to the various 
articles which have appeared from time to time. 


Fig. 67. — Simple Valve Voltmeter Circuit. 


MEASUREMENT OF AMPLIFICATION 

Where a large amplification is obtained over any one 
stage, it is not practicable to measure the voltages of the 
output and input of the same stage with the same voltmeter. 
The use of a different meter involves a considerable possi- 
bility of error, and in such cases the best procedure is as 
follows : 

Let us assume that we wish to measure the amplification 
of a high-frequency stage. The valve voltmeter is connected 
across a suitable point on the output side of the stage, for 
example, the grid and filament of the detector valve. The 
voltage from the oscillator is introduced in series with the 
tuned grid circuit of the detector valve. The setting on the 
oscillator required to give a certain predetermined reading on 
the valve voltmeter is noted. The oscillator coupling is now 
removed from the detector circuit and is inserted in the tuned 
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circuit feeding the grid of the H.F. valve. A very much smaller 
voltage must now be induced in order to produce the same 
reading on the detector meter, owing to the amplification of 
the valve. The oscillator setting is adjusted until the reading 
of the valve voltmeter is the same as before. The ratio of 
the voltages induced in the two cases gives the amplification 
of the stage. 

One must, of course, take particular precautions to avoid 
any coupling between the circuits which would introduce 
reaction effects, and invalidate the reading. In fact, through- 
out this measurement work the greatest precautions must 
be taken to ensure that the measuring apparatus does not 
affect the operation of the circuit in any way. 

This method can be used for low-frequency measurement, 
and in some cases is valuable in this connection as it detects 
any distortion introduced by excessively sharp tuning in the 
high frequency stages. Low-frequency measurements pure and 
simple, however, are best carried out with low frequency 
oscillator as detailed in the next chapter. 

The use of a dummy aerial has already been outlined. 
This consists simply of a capacity in series with a resistance 
and a small inductance in order to duplicate the constants of 
the average aerial. The voltage is induced in series with this 
dummy aerial, as shown in Fig. 64. Where a frame aerial 
is used it is not always convenient to introduce the voltage 
in the frame aerial circuit itself. The best method is then to 
induce the voltage by means of a standard inductor placed a 
given distance away from the frame aerial. This method is 
detailed in Chapter XII, where the standard regulations of 
the Institute of Radio Engineers are given. 

MEASUREMENT OF SELECTIVITY 

The use of a high-frequency oscillator is important when 
checking selectivity. For this purpose no modulation is 
necessary, the high-frequency oscillations being constant in 
amplitude. A valve voltmeter is connected across the grid 
and filament of the detector valve, or across the particular 
circmt arrangement under test. When the circuit is tuned to 
resonance with the osciUator, the deflection is, of course, a 
maximum, and on either side of the resonance the strength 
falls off, 
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One often requires to know to what extent tliis falling oil 
occurs, for the sharper the cut-oif at frequencies removed 
from the resonant point the more selective is the receiver. 
One method of achieving the results is to tune the oscillator 
to the receiver or circuit under test, and then gradually to 
mistune the oscillator on either side of the resonant point, 
noting the reading on the valve voltmeter for various 
frequencies. In this way a resonance curve can be plotted 
and much useful information can be obtained. 

It is, of course, necessary in this case to have a valve 
I voltmeter of which the calibration is known. All the previous 

5 methods have relied upon the use of the same reading on the 

i valve voltmeter which is, therefore, merely a checking instru- 

ment and need not be calibrated in terms of voltage input. 
In the case of selectivity tests, however, one must know the 
calibration. 

' Alternatively the method suggested in the standardisation 

^ report of the Institute of Radio Engineers may be adopted 

I (see Chapter XII), in which case the valve voltmeter need not 

be calibrated. Which method is adopted is a matter of 

I personal preference. 
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CHAPTER XI 
Low Frequency Tests 

As was mentioned in the last chapter, it is preferable for low 
frequency work to employ somewhat different methods, unless 
is some special reason against such a course. The use 
of a modulated high-frequency oscillator is of value in deter- 
mining the distortion introduced either by the tuning circuit 
or by the detector circuit, and if one is endeavouring to ap- 
praise the overall performance of a receiver, this is really the 
only satisfactory way of obtaining information. Where one 
is concerned, however, with an improvement or modification 
in the low-frequency stages it is neither desirable nor necessary 
to have the high-frequency portion of the receiver in situ, 
and one requires, therefore, some method of testing entirely 
at audio frequencies. 

For this purpose low-frequency oscillators are employed. 
These are usually of two types. The simplest type is that in 
which the oscillations are generated at a low frequency. A 
valve maintained arrangement can be constructed in accord- 
ance with the customary principles, whereby a circuit con- 
sisting of large inductance tuned with a relative^ large con- 
denser is allowed to oscillate at its natural frequency, this 
oscillation being maintained by utilising the amplif 5 dng 
properties of a valve. 

Fig. 68 indicates a simple arrangement of this nature. The 
fundamental principle of all testing apparatus is observed in 
this instance, namely that the load imposed upon the apparatus 
chaH cause as little variation as possible to the frequency or 
other characteristics of the supply. For this purpose a small 
oscillator is arranged, tliis being of the Hartley type, main- 
tained in a state of feeble oscillation by a small valve having 
its own batteries. This arrangement may conveniently be 
enclosed within a screening box, so that it is as fa-r as possibly 
isolated from external forces. 
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Across this oscilla- 
ting circuit is con- 
nected a high resist- 
ance, with a variable 
connection capable of 
being moved up or 
down the resistance. 
Such a device is 
known as a high- 
resistance potentio- 
meter, and there are 
various types avail- 
able on the market. 
By moving the slider 
of a potentiometer 
over the resistance 
one is able to ob- 
tain var5dng voltages 
across the two output 
terminals and these 
terminals are con- 
nected across the 
input of a suitable 
valve amplifier. This 
amplifier would be of 
more or less conven- 
tional construction, 
the particular points 
being that great at- 
tention is paid to 
maintaining aunif orm 
frequency response , 
and to avoiding any 
suspicion of overload- 
ing throughout the 
stages. This would, 
of course, be obtained 
by using larger valves 
than are normally 
required, so that there 
can be no danger of 
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operating on any portion of the characteristics other than the 
straight-line portion, with the object of preventing distortion. 
By this means the output from the oscillator can be made 
considerable, and yet still free from any serious harmonics. 
This is most important because the measuring devices 
usually employed are of the valve-voltmeter type and are 
equally as sensitive to harmonics as to the fundamental. 

The particular point in the arrangement is that the load is 
connected with the output circuit of the valve amplifier, and 
is thus far removed from the oscillating circuit. Hence, 
whatever the form of load, or whatever alterations are made, 
no appreciable change takes place in the frequency of the 
supply or in the character of the wave form, always provided 
that such alterations as are made do not cause the last valve 
in the amplifier to distort. The method adopted for obtaining 
the output from the last valve varies with circumstances. 
Quite a convenient arrangement is to use a resistance network 
as shown in the figure, the actual voltage of the output stage 
being controlled partly by the high-resistance potentiometer 
on the input to the amplifier, and finally by tapping up or 
down this output resistance. 

Fig. 69 illustrates a low-frequency oscillator of this type, 
made by the Cambridge Instrument Co. 

Beat-Frequency Oscillator 

A second form of oscillator which is much used is the beat- 
frequency oscillator. The disadvantages of the low-frequency 
oscfflator pure and simple, is that great care has to be taken 
to avoid harmonics, while in addition it is difficult to make 
the circuit oscillate at the very low frequencies to a satis- 
factory degree. If one is particularly interested in frequencies 
from 50 to 100 cycles or even lower, this is a most important 
point. The beat-frequency oscillator overcomes these diffi- 
culties by using two high frequencies. 

It is well known that if two high-frequency oscillations 
relatively close in frequency are combined and recfified, an 
audible beat note is produced between them of a frequency 
equal to the difference of the frequencies of the two high- 
frequency oscillations. This effect is commonly observed in 
mreless practice, when a circuit is allowed to oscillate. If it 
is tuned to a telephony station, the local pscillatiop .^ets up 
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beats with the carrier wave of the transmitting station, 
producing an audible whistle which can be varied in pitch 
as the tune of the circuit is altered. 

This effect is deliberately utilised in the beat -frequency 
oscillator, two separate oscillations being set up, one of which 
is maintained constant in frequency, and the other is varied. 
Considerable precautions have to be taken in order to make 
the arrangement work satisfactorily. The most important 
of these is the complete separation of the two oscillators. If 
two circuits are allowed to beat together, it is found that when 
they come within 50 or 60 cycles of each other, they fall into 
step suddenly, the stronger oscillator taking control of the 
weaker, so that they both oscillate on exactly the same 
frequency. To avoid this the weak oscillator is entirely 
screened from the rest of the circuit, and the output there- 
from is taken to a neutralised high-frequency amplifying 
stage. The purpose of this is to prevent any transfer of energy 
back from the anode of the valve throughY^o the oscillator 
itself. This is a pecuhar property of the neutralised circuit, 
and if the arrangement is symmetrically constructed, this 
precaution operates satisfactorily. The output from this 
H.F. stage is then fed to a detector valve, while at the same 
time the strong oscillator is made to supply current to the 
same detector valve. The combined frequencies are rectified, 
and the beat-frequency is found in the anode circuit. The 
high-frequency oscillations are now filtered out by being short 
circuited to earth through a condenser leaving us with the 
low-frequency current which is suitably amplified in much the 
same way as before. 

The arrangement has the advantage that a small move- 
ment, of say, 180 degrees of a condenser dial enables one to 
obtain frequencies ranging from 4 to 5 cycles per second to 
7,000 or 8,000, and this is very convenient in operation. The 
system, however, must be very carefully constructed if ic is 
to work satisfactorily. All the high-frequency components 
must be completely screened from each other, and the adjust- 
ment of a neutralised H.F. stage avoiding the back coupling 
from the strong to the weak oscillator must be very carefully 
checked. Great difficulty, too, is experienced in preventing 
the oscillators from wandering. That is to say, that the 
frequency of one of the oscillators, or perhaps both, may not 
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r|emain constant 
but may gradually 
creep so that the 
resulting note does 
not stay fixed in 
frequency, but 
gradually rises and 
falls, depending up- 
on circumstances. 

It is impossible 
in the present short 
^ review to discuss 
g the methods where- 
in by this may be 
o overcome, but if 
o the system is satis- 
^ factorily construc- 
§ ted it is very con- 
% venient and easy in 
« use. Fig. 70 gives 
H a circuit showing 
w the general ar- 

rangement. 

o 

B MEASURING 
S L.F. AMPLIFI- 
^ CATION 
o Whatever met- 
hod is adopted we 
must have at our 
disposal a source 
of frequency of 
pure wave form 
capable of being 
varied in frequency 
from 50 to at least 
5,000 cycles per 
second, and prefer- 
ably rather more, 
while the strength 
of the oscillation 
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must be under complete control without any alteration to the 
quality. Once we have this system available we can proceed 
with the testing of the amplifier. 

The low-frequency amplification of a receiver or circuit 
may be tested in much the same manner as is adopted in high- 
frequency tests. The oscillator is connected to the amplifier 
and the voltage across the output is measured by means of a 
suitable device such as a valve voltmeter. This device must, 
of course, be so connected that it causes little alteration to 
the circuit under test. The voltmeter is left connected across 
the output and the voltage is introduced from the oscillator 
at two points in the circuit, one just before and one just after 
the stage being measured. The oscillator setting is adjusted 
to give the same reading on the voltmeter in each case. The 
ratio of the two oscillator settings then gives the amplification 
of the stage in question. 

There are varying methods which can be utilised for 
altering the output from the oscillator. The use of the 
potentiometer across the oscillating circuit itself may be used 
to control the current, but it cannot be used with any accuracy 
for determining the actual output. Therefore, some suitable 
measuring system must be adopted, and here a number of 
possible variants may be employed. 

One is illustrated in Fig. 71, where the output_ from the 
oscillator is fed to a resistance in series with which is a meter 
for reading the current. This may either be a thermal meter, 
or a rectifier meter 
as described in Chap- 
ter I. The current 
through this resist- 
ance can be varied 
by operating the 
potentiometer on the 
oscillating circuit, 

and since the voltage „ 

output from the oscillator is obtained by multiphang tne 
current by the resistance, this gives an indication of the voltage 
developed. This method is only satisfactory for comparabvely 
small amplifications, because it is not satisfactory to vary the 
current over a ratio of more than about 10 to i. 

A better method is to use a potentiometer system across 


) /I.C. MiJhammeteP 

From 

Oscillator 5 Amplifier 


Fig. 71. — OtTTPUT Measuring Circuit. 
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the output* Low resistances, of the order of 2,000 ohms 
only, must be used here, as otherwise the self-capacity of the 
resistances may introduce errors at the higher frequencies. 
Provided the total resistance is of the order of 2,000 ohms, 
however, a potentiometer, as shown in Fig. 72, may be used 

/i.C- MiUiammetep 

3 Cafibrated 

i>y^Fotentiometer 

Fi^om 2000 << 

Oscillator ohms € To 

S Amplifier 

Fig. 72.— An Alternative System of Measuring Output. 

quite satisfactorily, and here ratios of several hundreds may 
be measured quite satisfactorily. 

Where one is concerned with the response curve of an 
amplifier as a whole, a slightly different method is adopted. 
Here arrangements are made to apply a constant input to 
the amplifier, and the circuit shown in' Fig. 71 may be adopted 
quite satisfactorily. Whatever the frequency of the oscil- 
lator, the. current is then always adjusted to be the same so 
that the voltage applied to the amplifier is constant. The 
voltmeter is then connected across the output stage, and the 
reading on this voltmeter is noted at the various frequencies. 
If the amplifier gives a uniform magnification over the whole 
frequency scde, the reading on this output meter will, of 
course, remain constant, but in practice it does not do so, 
there being variations at different parts of the frequency scale, 
which are shown by the variation in reading of the output 
meter. 

The connection of the output meter depends upon the 
circumstances. If one is not interested in the effect of the 
loud speaker on the characteristics, as is very often the case, 
it is suflB.cient to connect the meter across the grid circuit of 
the output valve. The output valve itself should be left in 
circuit with the loud speaker connected up in order to duplicate 
practical conditions. 

If, on the other hand, one desires to include the magnifi- 
cation obtained from the output stage, then the voltmeter 
should be connected across the loud speaker or across a 




LOW FREQUENCY TESTS 145 

resistance in the output stage designed to give the optimum 
result, according to which is preferable. With any output 
valve the loud speaker impedance should bear a definite 
relationship to the internal resistance of the valve for maxi- 
mum undistorted output, and in many instances this impedance 
is evaluated, and an equivalent resistance is connected in 
the anode circuit of the valve across which the voltmeter is 
connected. 


L 



CHAPTER XII 
American Test Data 

The Year Book of the Institute of Radio Engineers for 1929 
gives some useful information regarding tests of radio receivers. 
The data is in the form of a standardisation report dra-wn up 
by the leading engineers in the country. Some extracts from 
this report are given herewith. 

The general scheme is of the form already outlined in the 
preceding chapters. The tests suggested are ; 

1. Sensitivity. Voltage is applied to the receiver from a 
modulated high frequency oscillator, and is adjusted in intensity 
until a given output is developed across a resistance inserted 
in the last stage of the receiver. This resistance takes the 
place of the loud speaker, and its value is chosen as defined 
under Normal Test Output. It is stipulated that the radio 
frequency shall be modulated 30 per cent, at 400 cycles per 
second. This test is carried out at a number of standard 
carrier frequencies. 

2. Selectivity. This is the degree to which the receiver 
is capable of differentiating between signals of different 
frequency. The receiver is tuned to the oscillator at one of 
the standard test frequencies and the input adjusted until 
the Normal Test Output is obtained. The radio-frequency 
oscillator is then mistuned by an amount not exceeding 10 
kilocycles, and its strength adjusted until the Normal Test 
Output is again obtained. The readings are continued in 
steps not exceeding 10 kilocycles on each side of the tuning 
point until the radio frequency input is at least 100 times the 
value at resonance, or until a range of 100 kilocycles on either 
side of the resonant point has been covered. The arrangement, 
of course j gives an inversion of the customary resonance curve. 

3. Fidelity. The receiver is tuned to one of the standard 
test frequencies, and the input is adjusted to give Normal 
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Test Output on the receiver. The modulation is then varied 
in suitable steps from 40 to 10,000 cycles per second, the per- 
centage of modulation being maintained constant at 30 percent. 
The output obtained in each case is noted and the results 
are plotted as a percentage of the output obtained with the 
standard 400 cycle modulation. 

4. Normal Test Output is defined, for a broadcast receiver, 
as an audio frequency power of -05 watts, in a non-inductive 
resistance adjusted to give maximum power output per volt 
input. It should be noted that the condition laid dowm is 
not maximum un^storted power output, but since the power 
output of 50 milliwatts represent a relatively small volume, 
there is little danger of overloading the last valve. The 
noinimum power customarily employed in an ordinary living- 
room is 100 milhwatts. 

Details are given in the following pages as to the methods 
to. be adopted in making these measurements. Where the 
receiver does not employ a loop or frame aerial, an artificial 
aerial is used, the requirements for which are a capacity of 
200 ^ self-inductance of 20 ytiH, and a resistance of 25 

ohms.^ The effective height of the aerial system is taken as 
4 meters, so that the field strength is obtained by dividing 
the actual radio-frequency voltage impressed upon the receiver 
by 4. 

It is emphasised, in the Report, that the apparatus em- 
ployed in testing radio receivers should be as simple as is 
consistent with accurate performance of the necessary func- 
tions. As far as possible, the same apparatus should he 
used in the different tests. The values of the electrical 
quantities and the calibrations should not change with time ; 
or if some change is unavoidable, means for checking should 
be provided. 

The required apparatus, for tests of sensitivity, selec- 
tivity and fidelity, is indicated schematically in Fig. 73. Both 
frequency sources should be calibrated so that separate 
measurement of frequency is not needed. The requirements 
of the separate elements are stated in the following paragraphs. 

1 This resistance is at H.F, and must therefore consist of a short length 
of very thin "wire, so that the H.F. resistance is suhstantially the same as the 
D.C, resistance. 43 S.W.G. Eureka is suitable for frequencies up to 1,500 
kilocycles. 
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I. Audio-Frequency Source, For sensitivity and. selec- 
tivity tests this may be a mechanical oscillator of fixed 
frequency (400 cyclCvS per second), but a vacuum tube oscillator 
having a frequency range at least from 40 to 10,000 cycles, 
per second is preferred, and for the Fidelity test is necessary. 
The total harmonic content in the output of this oscillator 
should not exceed 5 per cent. The audio-frequency oscillator 
is arranged to modulate the radio-frequency oscillator by a 


Radio frecfuency Measurement 



Modulation Measurement 


Fig. 73. — Illustrating Method of Testing Receivers. 

known amount, and preferably should furnish the same degree 
of modulation without readjustment at all carrier frequencies 
and ail modulation frequencies. Means should be provided 
for adjusting the degree of modulation for at least the normal 
value of 30 per cent. 

2, Radio-Frequency Source, This consists of a vacuum tube 
oscillator supplied preferably from batteries, either fully 
shielded in itself or so shielded from the radio receiver under 
test that there is no direct radiation to the receiver. If the 
power supply is external to the shielding system which encloses 
the oscillator, all unearthed leads to the oscillator should pass 
through shielded low-pass filters. The frequency should be 
adjustable by an external control to any desired value between 
500 and 1,500 kilocycles per second, and the frequency should 
not be affected by changes in output power. Means should 
be provided for varying the frequency in small steps immedi- 
ately on each side of any specified frequency. A second 
external control should be provided for varying the modulated 
radio-frequency output supplied to the transfer circuit, and 
an mstrument should be provided which indicates the effective 
value of this output. The oscillator in conjunction with the 
transfer system used should be capable of supplying in series 
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with the receiving antenna system at least 200,000 microvolts 
at all carrier frequencies. 

3. Transfer Circuit. The radio receiver under test is 
provided with a local antenna circuit consisting of either a 
loop antenna (which may be self-contained) or an artificial 
antenna. ^ In determining the significant characteristics, as 
outlined in the preceding sections, modulated radio-frequency 
voltages of known value are impressed in the local antenna 
circuit through the transfer circuit which should assume one 
of two forms as follows : 

{a) A coupling coil fed from the radio source and mounted 
in inductive relation with the loop antenna or with the 20 
microhenry inductance coil of the artificial antenna. In the 
latter case, the coupling coil is used as the primary of a cali- 
brated mutual inductor, the secondary of which is the 20 
microhenry coil. 

(&) A calibrated attenuator of the resistance type termina- 
ting in a low impedance of known value (usually a resistance 
of about I ohm) which may be inserted in series with the 
artificial or loop antenna. This attenuator should be so 
constructed that all attenuation ratios are substantially 
independent of frequency within the broadcast band. It is 
preferably made variable in steps with additional provision 
for continuous variation between the steps. As an alternative 
to continuous variation within the attenuation network, 
provision may be made for continuously varying the measured 
current or voltage supplied from the source to the attenuator 
over a sufficient range to cover all values of receiver input 
voltage which lie between the steps of the attenuator. Design 
details of attenuators fulfilling these requirements are available 
in the literature. The combined range of ratios on the attenu- 
ator and variable currents from the source should be such as 
to allow a range of voltage across the terminal unit which 
feeds the receiving set of x microvolt to 200,000 microvolts. 

4. Output Measuring Circuit The components of the 
output measuring circuit should be as follows : 

A non-inductive load resistor adjustable by calibrated 
taps and covering a range of i to 10,000 ohms and capable 
of dissipating 0*1 watt at any setting. 

An output filter to be used with radio receivers normally 
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having D.C. in their outputs. A recommended form consists 
of an inductance of not less than 100 henries (with 10 milli- 
amperes D.C. in the winding), and a capacitance of not less 
than 8 microfarads arranged as shown in Fig. 74. 
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Fig. 74. — Choke-Output Arrangement for Avoiding Direct Anode 
Current in Output Circuit. 


A vacuum-tube voltmeter or an equivalent device which 
will measure accurately the R.M.S. values of output voltage. 
At normal test output the voltage is of the order of from lo 
to 20 volts for ordinary output vacuum tubes. For the 
sensitivity and selectivity tests the output meter need be 
calibrated only at these values. For the fidelity test, continu- 
ous calibration is required. 


TEST PROCEDURES 

I. Preliminary. The present day radio receivers vary so 
greatly in their manner of operation that it is difficult to set 
down a single test procedure for each fundamental character- 
istic, and have the procedure include all the allowances that 
should be made for the peculiarities of different sets. It is 
simpler to describe in general the test setups and adjustments 
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Fig. 75. — Inductively-Coupled Pick-Up System. 


of input and output ; the operating conditions ; and the 
radio receiver adjustments as applied to any type of receiver, 
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and then standard procedures for measuring sensitivity, 
selectivity and fi.delitj?', can be outlined. 

2. Input Measurements. 

[a] Radio Receiver without a self-contained antenna. 

Standard input circuits are shown in Figs. 75 and 76. 
Either circuit may be used depending on whether an impedance 
device or a mutual inductance is used to attenuate and intro- 
duce the radio-frequency voltage in the artificial antenna 
circuit. 

The mutual inductor is used as shown in Fig. 75. The 
input to the receiving set is controlled by adjustment of either 
the coupling between coils Li and L2 or the current through 
Li. The assumed value of radio field intensity impressed 
on the radio receiver is determined from the formula. 

g ^ ^ microvolts per meter, where 

/ is the carrier frequency in kilocycles per second. 

M is the mutual inductance between Li and L2 in milli- 
henries ; 

I is the current through Li in microamperes ; 

h is the antenna height in meters (4 meters for the standard 
antenna) . 

The circuit for use with an impedance coupling device is 
shown in Fig, 76. The voltage impressed in series with the 

Thermal 



Fig. 76.— Illustrating Use of Attenuator. 


artificial antenna is brought to the desired value by selecting 
the proper degree of attenuation and accurately adjusting 
either the current or the voltage input to the attenuator. If 
the attenuator is calibrated in terms of current, the radio 
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field intensity impressed in the artificial antenna may be 
expressed as : 

microvolts per meter, 


where 

K is the attenuation factor 

Z is the impedance of the coupling device ; 

I is the measured value of current fed to the attenuator 
in microamperes ; and 

h is the assumed antenna height in meters (4 meters for 
the standard antenna). 

If the attenuator is calibrated in terms of voltage and 
includes the impedance Z, then : 


S = — ^ microvolts per meter 

where 

K is the attenuation factor ; 

V is the measured voltage input in microvolts ; 

h is the assumed antenna height in meters (4 meters for 
the standard antenna). 

(S) Radio receiver with a loop antenna. 

An arrangement of apparatus as shown in Fig. 77 is recom- 
mended. 

A known radio field intensity is impressed on the loop 
antenna by adjusting the distance X and the current through 
the coil L. The coil and loop antenna centres are kept on a 
common axis, and the distance X kept large as compared with 
the dimensions of the loop antenna. 

The radio field intensity is : 


18,850 NA**! „ . 

(5 cos B microvolts per meter, 

(A^+Z*) 

where 

N is the number of turns in the coupling coil L ; 

A is the radius of the coupling coil, in centimetres ; 

I is the ammeter reading in microamperes ; 

X is the distance in centimeters between the centre of the 
coupling coil and the centre of the loop antenna ; and 

B is the angle, if any, between the axis of the loop antenna 
and the line between coil centres. 
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The radio-frequenc}^ voltage may be introduced in the loop 
antenna by inserting the terminal impedance of a resistance 
type attenuator in series with the loop at a point of earth 
potential in a manner similar to that shown for an artificial 
antenna in Fig. 76. In this case, the equivalent radio field 
intensity is given by the expression ; 

E 

where Q “microvolts per meter, 

E equals the voltage across Z in microvolts, and 

Q equals reception factor in metres of the loop antenna 
employed. 

The factor Q may be calculated approximately for a 
rectangular loop from the relation : 

Q =2 N H sin where 

^ 300,000 

N =the number of turns ; 

H =the height of the loop in metres ; 
s =the length of the loop in metres, and • 

/=:=the frequency in kilocycles. 

It is not appropriate to specify a standard loop reception 
factor because the loop antenna is frequently a characteristic 
element of the radio receiver under test. 

The method first described adapts itself best to the testing 
of loop receivers because it leaves the loop circuit in its normd 
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Fig. 77. — Arrangement with Loop Antennas 

form. If the second method is applied to the testing of a 
loop radio receiver, the output terminal unit of the attenuator 
should be of low impedance and have a resistance which is 
low compared with that of the loop. 

3 . Output Measurements. 

(a) Radio receiver with D.C. in its output. 
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If the radio receiver is not equipped to filter direct current 
from its output, the circuit which should be used in making 
output measurements as is shown in Fig. 74. 

The value for R is dependent on the operating conditions 
of the output valves used in the radio receiver and is arbitrarily 
taken as the plate resistance value given by the valve manu- 
facturer for that valve under the given conditions. 

In the case of a radio receiver having an output transformer, 
R is taken as the reflected value of the valve resistance, or 



where 

A =the transformer ratio of primary to secondary turns ; and 

i2p=the value of valve plate resistance. 

The voltage across R for normal test output is : 

V- Jo-05 R 

■ (b) Radio receiver with no D.C. in output. 

If the radio receiver has a device ehminating direct current 
from its output (referring to the circuit of Fig. 74), L and C 
are removed and the points a and b connected directly to the 
output terminals of the receiver. 

(c) Radio receiver with extraneous voltages in the output. 

The voltages due to A.C. hum, valve noises, etc., that may 
exist across the output of some radio receivers must he con- 
sidered where the output voltage to be measured is small. 
For example, if these voltages are comparable with the normal 
test output voltage, let the voltage across the resistor R for 
normal test output he ; 

where 

Fi is the R.M.S. voltage due to extraneous effects, and 

F2 is the value for normal test output voltage which gives 
0-05 watt power in R. 

In any case, if the extraneous voltage is appreciable, the 
measured voltage across R (see Fig. 74) should be considered 
as the vector sum of the extraneous voltage and that due to 
the desired signal. 
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COMPONENT TESTING 

In following out the methods outlined in the chapters of this 
book, one may be faced with the necessity for making some 
form of test on a particular component in order to determine 
whether it is working satisfactorily or not. The discussion 
of any elaborate methods of testing is clearly beyond the 
scope of this work, but some of the simpler forms of test 
which can be carried out with a relatively limited amount of 
apparatus, may be given with advantage. The object of 
this Appendix is to indicate the methods which may be adopted 
in practice. 

CONDENSER TESTING 

Continuity 

One of the first tests which has to be made on a variable 
condenser is that of ensuring that the plates are not touching. 
This may very simply be done by means 
of a pair of telephones and a small battery 
of to 4J volts. This is arranged as 
shown in Fig. 78, and on connecting up 
the circuit a loud click will be heard in 
the telephones if there is a short circuit. 

If the condenser is properly insulated only 
a faint click will be heard. Test with ^Phones 

If desired a miUiammeter may be and Battery. 
used in place of the telephones, but a 
safety resistance should be included of such a value that 
if the condenser is short circuited, current wiU not 
excessive through the milUammeter. To determine this, 
divide the voltage of the battery by the maximum reading 
on the miUiammeter in milliamps. This will give the resistance 
required in thousands of ohms. For example, a 4i' volt battery 
used with a miUiammeter reading, lo milliamps would reqmre 
450 ohms safety resistance. A value two or three times as 
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large as this may be used, provided that if the condenser is 
short circuited a satisfactory cun'ent reading will be obtained, 
whereas if the condenser is in order, no current will flow. 

Capacity 

It is often required to know the capacity of a condenser, 
and here the simplest test is to use the buzzer wavemeter. 
Connect up the circuit as shown in Fig. 79. Various methods 
must now be adopted according to the circumstances. If 
one has a condenser of known capacity, the first step is to 
connect this known condenser across the coil L and to tune in 
the wavemeter until the maximum signals are obtained in 
the telephones. Note the wavelength at which this occurs. 
Now replace the known condenser with the unknown capacity 
and again repeat the performance. 

The unknown capacity is obtained from, the expression : 



where 

Cl =known capacity ; 

Xi =wavelength with known capacity ; 

X ^wavelength with unknown capacitj?-. 

The method can only be used satisfactorily where the 
unknown condenser is reasonably large, say -oooi yaF or more. 


Detector 



Fig. 79. — Illustrating Use of Wavemeter for Measuring Inductance 

AND Capacity. 

and it should, of course, preferably be somewhat similar in 
value to the known capacity employed. 

If one has no condenser of which the value is known, or 
such that the rated value may be assumed to be correct, it is 
necessary to^ obtain a coil having an inductance which is 
known within reasonable limits. Such coils, for example, 
as the Dimic range, marked by Messrs. McMichael, Ltd., are 
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rated in inductance values, and this rating is sufficiently 
accurate for practical purposes. A Dimic No. i having an 
inductance of 200 microhenries is a very convenient coil. 
Use this for the coil L in the circuit, and connect the unknown 
capacity across it. Find the wavelength to which the 
combination is tuned, when the capacity will be given 
approximately by the expression ; 

\2 

C — F- X 10-® microfarads 

3-55i 

where 

L =inductance in microhenries. 

X=wavelength in metres. 

This method again is liable to inaccuracy due to coil 
capacities, etc., if the capacity to be measured is less than 
about -0001 fjF. 

Neither method is suitable for capacities exceeding about 
•001 ixF, owing to the fact that tuning becomes very flat with 
a large capacity. Incidentally, if one has any idea of the 
value of the capacity, it is as well to w'ork out the approximate 
wavelength to which the combination will tune from the 

formula : 

X =188.5 ^/LC 

where 

X is the wavelength in metres. 

L is the inductance in microhenries . 

C is the capacity in microfarads. 

This will save time in finding the correct wavemeter setting. 
For measurement of larger capacities the use of a bridge 
method is desirable. This involves the use of a calibrated 
standard variable condenser, and is beyond the scope of this 
work, but some brief details are given later. 

All the foregoing remarks apply to fixed condensers ^ 
well as variable condensers. A fault which is often found in 
fixed condensers, particularly of cheap manufacbrre, is that 
there is a complete break inside the condenser. The com- 
ponent, therefore, gives every indication of being a correct 
condenser, but actually has no capacity. Such a defect is, 
of course, shown up at once by the use of check such as that 
described. 
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Some indication of the value of capacity with a large 
condenser of -ooi /xF up to -oi fiF can be obtained by the use 
of the series method. The circuit already shown is connected 
up, using a known value of capacity of about -0005 to -ooi 
microfarads. The circuit is then broken and the unknown 
condenser is inserted in series with the main condenser as 
shown in Fig. 80. The effective capacity of the combination 
is then again determined exactly as previously explained by 
observing the alteration in the wavelength to which the 
combination tunes. This new capacity wiU be less than the 
original capacity, being made up of the unknown condenser 
and the known condenser in series. From this, the capacity 
of the unknown condenser may be evaluated from the 
expression : 

r _CCs 

* C— C, 

where 

C* is the unknown capacity. 

C is the known capacity, 

Cs is the capacity of the two in series. 

The disadvantage of this method is that as the unknown 
capacity increases in value, relatively large changes in its 

capacity cause small changes in 
the series capacity, and, there- 
fore, the accuracy is limited, but 
one can at any rate determine 
with some degree of approxima- 
tion what the value of capacity is. 

Paper Condensers 

Fig. 80. — ^Method for Use When one comes to verv 
WITH Large Capacities. Condensers SUCh as 

are usually used for battery by-passing, etc., tests for capacity 
are beyond the means of the average user. One can, however, 
check such condensers for their insulation, and this is a most 
important property. The only reliable test for this is to 
make some form of charge-holding test. If a battery of, say, 
100 volts is connected across the condenser, it wiU become 
charged. If the battery is now removed the condenser will 
remain charged, and if it is a good condenser, and the insulation 
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is up to standard, this charge should be maintained tor at 
least five minutes, and much longer in the case of a really high 
class condenser. If, on the other hand, there is a leakage on 
the condenser, either internally or due to surface leakage 
between the terminals, the charge will leak away very rapidly. 

Our test, therefore, consists in connecting a battery across 
the condenser, remo-^ng the battery and leaving the condenser 
for five minutes. At the end of this time the condenser must 
be tested to see if it is still charged. This may conveniently 
be done by connecting a screwdriver across the terminals. 

If the charge is still in the condenser, it will discharge with a 

slight spark. - j 

If one possesses a high-resistance voltmeter, such as is used 
for eliminator work, one can make a more definite test than 
this. Connect the battery across the condenser in the usual 
way, and then, having removed the battery, connect the high- 
resistance voltmeter across the condenser. This must be 
done quickly, and with one eye on the voltmeter reading. 
The needle will flick over to a certain value, and then will 
gradually discharge, falling away more or less rapidly, depend- 
ing upon the capacity of the condenser and the resistance of 
the voltmeter. The point is that the maximum reading 
to which the needle mounts before it commences to fall back 

again should be noted. _ 

The condenser should now be charged again by means of a 
battery in the same direction as before, and left to stand for 
five minutes. At the end of this period the voltmeter should 
again be connected across the condenser and the maximum 
reading on the voltmeter noted. If there has been no loss of 
charge due to leakage in the intervening five minutes, the 
voltmeter reading will be much the same as before, within 
the limits of observational error. A marked discrepancy 
indicates that the condenser has a leakage of some sort across 
it, while if there is no reading at all, the condenser has lost 
all its charge and there is a serious leakage. 

COIL TESTS 

Simple matters such as continuity are best determined 
by a battery and milliammeter as for a condenser, or better 
still with an ohmmeter. One occasionally requires to know 
the inductance of a particular winding. This again may be 
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determined by the use of a buzzer wavemeter. Connect 
across the coil a capacity of an3d;hing from -0003 to -0005 

the circuit being arranged in the same way as in Fig. 79. 
Tune in to this circuit with a buzzer wavemeter. The wave- 
length reading, of course, will be determined by whether the 
coil is a long-wave or short-wave coil, and the wavemeter 
range can be selected accordingly. Having found the wave- 
length to which the combination tunes, the inductance may 
be obtained from the expression : 

X.* 

L = 7T-X 10-* microhenries 

3-55C 

where ‘ 

C =capacity in microfarads. 

\=wavelength in metres. 

If one does not know the value of the condenser which is 
being used to tune the circuit, a standard inductance may be 
used, the circuit being tuned with the same condenser both 
with the unknown inductance then with the standard induct- 
ance. Knowing the wavelength in the two cases, the value 
of the unknown inductance can be determined from the 
expression : 



where 

ii=known inductance. 

\ =wavelength with known inductance. 

X =wavelength with unknown inductance. 

L.F. TRANSFORMERS 

The only test which one can make in ordinary practice on 
low-frequency transformers is that for broken windings, or a 
short circuit to the core. The method for testing for con- 
tinuity with a battery and a pair of telephones is not reliable 
in this case, because of the large self -capacity of the winding. 
This causes a loud click to be heard in the telephones, due to 
the charging of the self-capacity, even when the winding is 
defective. 

The only test, therefore, is the milliammeter test. The 
general resistance of a transformer primary is in the neighbour- 
hood of 1,000 to 2,000 ohms, and anything from 5 to 10 times 
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this value for the secondary winding, due to the fact that more 
turns are employed and also finer wire is used. The current 
which will flow through such a resistance can easily be deter- 
mined, knowing the voltage which is applied across the 
transformer, and this current can be so arranged that it is 
comfortably readable on the milliammeter in question. 

Let us suppose, for example, that our mfiliammeter has a 
full scale reading of 30 milliamps. Any reading from 5 milli- 
amps up to 30 milliamps will, therefore, be suitable. Let us 
assume that our transformer resistance is about 1,000 ohms. 
Then if we put a 9 volt battery across the primary we shall 
obtain 9 milliamps. If we are considering the secondary, we 
shall have to use something in the neighbourhood of 50 volts 
in order to get a corresponding deflection owing to the dis- 
tinctly higher resistance of the winding. The actual relation- 
ship between current, voltage and resistance is discussed at 
length in the section on resistance measurement. 

One may find that one of the two windings is broken or 
that it has a much lower resistance than one would anticipate, 
which indicates short circuited turns. In some cases one 
finds that the windings are reversed. In such a case, the 
high resistance winding will be found across the primary 
terminals and vice versa, and the transformer would act as a 
step-down arrangement. This, of course, is quite in order if 
we are dealing with an output transformer intended to give 
us a step-down, but in this case the high-resistance (primary) 
winding will have a resistance of 1,000-2,000 ohms, while 
the secondary will be anything from a few ohms to a few 
hundred ohms, depending on the step-down ratio. 

One further test which one may have to make is for a 
short circuit between one of the windings and the core of the 
transformer. This may be done by connecting the milliam- 
meter through a safety resistance of some sort, such as 1,000 
ohms, between one terminal of one of the windings and the 
core of the instrument. If the insulation is satisfactory, no 
current will flow’', but if there is a complete or partial short 
circuit a certain amount of current wifi be indicated. This 
should be repeated for both primary and secondary windings, 
while, if necessary, a similar test can be made between the 
primary and secondary windings to make sure that there is 
no connection between the two windings. This, of course, is 
M 
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undesirable, as it would lead to the introduction of a positive 
voltage on the grid of the succeeding valve, thereby causing 
it to refuse to function correctly. 

In some cases where an auto-coupled arrangement is used, 
there is, of course, a direct connection between the two wind- 
ings, but these cases are special. 

Mdiere one is deahng with insulations of this nature between 
windings and cores or winding and winding, it is advisable 
to use an increased voltage and to apply the test in the same 
way as one would use for testing an anode resistance or grid 
leak. This is detailed in the section on Resistances. 

RESISTANCE TESTING 

This question of resistance testing is perhaps one of the 
most important, for according to the resistance of a particular 
path between two points, so one learns more about it than is 
possible by a direct continuity test. A simple example, is 
the case of a dual range coil. Between the appropriate ter- 
minals one should have either a large or a small inductance, 
depending upon the wavelength range to be received. The 
change-over is controlled by a switch. Is this switch correctly 
marked or has it been inadvertently wired up incorrectly ? 
This may at once be checked by measuring the resistance 
across the terminals. In the long wave position the resistance 
will, of course, be distinctly greater than on the short waves, 
owing to the larger number of turns of wire. Direct continuity 
tests would fail to discriminate between the two. 

The basis of resistance testing is the well-known " Ohm’s 
Law.” This states that the voltage developed in the circuit 
is equal to the product of the current and the resistance. We 
may state the fact in a variety of ways, suited for various 
purposes, as shown below. 


E=IJi (I) 

Jf-f- ( 2 ) 



I =current in amperes. 
E ='voltage in volts. 
i?=resistance in ohms. 


where 
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If we are not in possession of an ohmrneter (an instrument 
calibrated to read directly in ohms, as described in Chapter I), 
we must use a battery of known voltage and measure the 
resistance by determining the current flowing in the circuit. 
It is advisable to use an accumulator for this purpose because 
the voltage on an accumulator 
can usually be taken as approx- 
imately 2 volts per cell, and 
does not fall rapidly with load, 
whereas a dry battery may 
fluctuate quite badly according 
to the amount of use, and the 
load taken from it. Strictly 
sneaking, one should connect Fig- 81.— Circuit for Measuring 

• T7- Resistance. 

the circuit up as shown in Fig. 

81. Here we have a voltmeter which reads the voltage across 
the circuit, with a miUiammeter (or ammeter) for reading the 
current flowing. Knowing these two properties the resistance 
may easily be determined. It should be noted that the 
miUiammeter or ammeter in use must be of a high quality, 
as otherwise it wUl contain itself a certain internal resistance 
which win invalidate the result unless one makes special 
calculations to aUow for this defect. Pro-^ded one uses a 
good moving-coil instrument, however, no difficulty wiU arise 
from this source. 

In practice one can usually dispense with the voltmeter 
across the battery provided one is using an accumulator, or 
one can, particularly where a combination instrument is 
employed, measure the voltage of the battery before the test 
is commenced. The instrument may then be disconnected, 
converted to a miUiammeter, and inserted in series with the 
circuit in order to measure the current. One should always 
obtain some idea as to the probable order of resistance, arid 
make a rough calculation to determine what the current will 
be in order to avoid overloading the miUiammeter. For 
example, if one wished to measure a resistance of 10 ohms, 
this connected across a 2 volt battery would draw a^ current 
of 200 milUamps. If one's meter only reads up to 30 miUi^ps, 
a serious overload would occur. An alternative precaution is 
to include a safety resistance in series with the meter which may 
be cut out if the deflection does not exceed a certain value. 

M* , . 
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Such a safety resistance may be worked out as follows : 

Make up or purchase a resistance of such a value that if 
connected in series with the meter across the battery which 
is to be used (a 2 volt battery will suffi.ce for normal purposes) 
the current is just equal to the full scale deflection on the 
meter. For example, a 30 milliamp meter used with a 2 volt 
battery would require a resistance of 66 ohms, which would 
be obtained by using three yards of 38 gauge Eureka wire . When 
tain Tig any tests this resistance should be inserted in series 
with the resistance to be measured. If the deflection on the 
meter does not exceed half the full scale deflection, then the 
protective resistance may be cut out quite safely for the 
deflection wiU then not exceed the full scale value. From 
the current which is obtained and the knowledge of the voltage 
of the battery, the resistance can easily be determined. 

A 2 volt battery and a meter reading 20 or 30 milliamps 
fuU-scale deflection can be used satisfactorily up to resistances 
of about 2,000 ohms, when the deflection will be 1 milliamp. 
If one requires to read higher values of resistance than this, a 
more sensitive meter must be used, or the voltage appHed to 
the device under test must be increased. In testing a trans- 
former, for example, one could with advantage increase the 
volts to 6 or 9. This would give a current of between 5 and 
10 milliamps through the primary and between i and 2 milli- 
amps for the secondary, which is sufficiently accurate for a 
check. Care must always be taken that the current which 
is permitted to flow through the circuit is not so large as to 
cause over-heating of the winding. For example, a current 
of 20 milliamps through the secondary of a transformer would 
give rise to serious overheating if it was allowed to endure for 
long, and would probably bum out the instrament altogether. 

High Resistances 

When we come to the measurement of high resistances 
exceeding 10,000 ohms and running into i or 2 megohms, the 
problem becomes more difficult. In the first place, a sensitive 
meter must be used, having a fuU scale deflection of i or 2 
milliamps oifly, and capable of reading one-tenth of a milli- 
amp (100 nodcroamps) with fair accuracy. Then the voltage 
used must be considerably increased, and here it is permissible 
to use a dry (H.T.) battery, giving 100 volts or more. This 
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is because the current taken from the battery will be so small 
that no serious drop in voltage is likely to result. 

Let us assume, for example, that we wish to measure a 
resistance of about i megohm. 100 volts connected across 
this resistance w^ould only cause a current of one-tenth of a 
milliamp, which can just be measured on a meter of the type 
referred to. If one can measure accurately currents of 40 
or 50 microamps, then one can read resistances, with a 100 volt 
battery, up to 2 megohms satisfactorily. With lower values 
of resistance, of course, the current increases rapidly. A 
resistance of 100,000 ohms would pass i milliamp, while a 
resistance of 10,000 ohms would pass 10 milliamps, which is 
in excess of the maximum scale reading of our instrument. 

It is desirable to include a safety resistance in the meter 
in this case as in the previous example. The value of resistance 
must be worked out in just the same way as before, but one 
usually finds that the resistance is now of a very high value, 
and it is, therefore, desirable to use a suitable standard resist- 
ance which best meets the requirements. For example, if 
our meter gives a full scale deflection of 2 milliamps, a resist- 
ance of 50,000 ohms would serve admirably as a safety 
resistance if one proposed to use a battery of 100 volts or less. 
Then, as in the previous case, provided the deflection did not 
exceed half the full scale (i milliamp in the case in point) 
one could with safety remove the protective .resistance and 
so obtain the true resistance of the circuit under test. 

Where one is in possession of an ohmmeter, of course, all 
these precautions do not have to be taken, for one merely 
connects the resistance under test across the terminals and 
measures the resistance according to the calibrations on the 
scale which read directly in ohms, without any further 
bother. 

The most satisfactory method of measuring high resistances 
is by means of an insulation tester such as a Megger. These 
instruments contain a small, hand-driven generator developing 
a fairly high voltage (anything from 100 to 1,000 volts,^ accord- 
ing to the type). These instruments again give a direct 
reading of the resistance connected across the terminals, and 
have the advantage that they apply a high voltage which is 
sufficient to break down an imperfect insulation, whereas a 
relatively small voltage would not do this. Such apparatus, 
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however, is expensive, and is more in the nature of laboratory 
equipment. 

H.F. CHOKES 

The tests outlined cover the majority of cases likely to 
be encountered in ordinary practice. One does occasionally 
find it desirable to obtain some check on the performance of 
an H.F. choke. As was pointed out in the chapters on Tuning 
and High-Frequency tests, the H.F. choke can introduce 
various troubles if it is of inadequate inductance. A simple 
test which can easily be connected up and which gives a good 
idea of the capabilities of the choke is the following : 



The circuit is connected up as shown in Fig. 82. It wEl 
be seen to consist of a single-valve detector circuit using 
capacity-controlled reaction. Plug-in coils are used, and a 
series of pairs of cods must be chosen for the tuned winding 
and the reaction coil, such that the circuit can be made to 
oscillate comfortably with a relatively small value of reaction 
condenser over a waveband extending from say 200 to 2,000 
metres. Having obtained the required data on this point, 
the reaction circuit is broken at the point marked X and the 
high-frequency choke is inserted. The circuit is now tuned 
slowly from the bottom to the top of the scale, changing the 
coils where necessary, endeavouring the whole of the time to 
make it oscillate. If the choke is satisfactory, it will not 
oscillate at all, since the choke acts as a complete barrier to 
the high-frequency current. _ At one point, usually between 
1,500 to 2,000 metres, the circuit will suddenly commence to 
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oscillate, and will continue to do so thereafter without trouble. 
This is the upper limit of choking and is the point at which 
the choke ceases to be effective. With a good choke this 
point would not occur until over 2,000 metres, but in many 
so-called chokes oscillation sets in at as low as 1,000 metres. 

Any subsidiary resonant points or " holes '' as they are 
called will be shown up by this test, for the circuit will oscillate 
over a few degrees on the dial, if any such point is found. 
The presence of such a resonance means trouble, if the choke 
is used in a receiver, for there will he a strong tendency to 
self-oscillation at this wavelength. The test is not by any 
means quantitative, but it does give a fairly reliable indication 
of the properties of any particular choke. 

VALVE TESTS 

The obvious test to be made on a valve is that of taking 
its characteristics. This, of course, is a cumbersome business, 
but in some instances 
one does require to 
know something about 
the parameters of the 
valve. It will not be 
out of place, therefore, 
to give details of how 
this may be done. The 
circxoit should be ar- 
ranged as shown in Fig. 

83. There is a volt- 
meter to read the anode 
voltage, a milliammeter 
to determine the anode 
current and a voltmeter 
to determine the grid 
voltage. The high tension voltage must be variable in steps, 
and the tappings on an ordinary H.T. battery will serve for 
this purpose. The grid voltage must also be variable in steps 
and for ordinary purposes it is sufiScient to use the volt tap 
on a grid bias battery. In special cases a potentiometer across 
the filament must also be resorted to, so that finer variations are 
possible, and this device has been shown in the figure. 



Fig. 83. — Circuit for taking Valve 
Character istics . 
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In order to determine the characteristics a normal anode 
voltage is usually used, and the grid bias is varied from zero 
to some negative value until the anode current has been 
reduced practically to zero. The test is then repeated for 
one or two other values of anode voltage. If a screened-grid 
valve is being used, the screen must be connected to the correct 
voltage during the test, and the same remark applies to 
pentode valves. 

If other characteristics are required, these must be plotted 
by varying the required voltages. For example, with power 
vilves, one often requires to know the variation of current 
with anode voltage at a fixed value of grid voltage. Any 
such characteristic may easily be taken with the apparatus 
shown. 

Usually, however, it is sufficient to determine the internal 
resistance and amplification factor under working conditions. 
For this purpose the valve should be set up with its correct 
anode voltage and grid bias. First of all the anode voltage 
is increased to lo volts above the normal value and the anode 
current noted. The anode voltage is then reduced to lo volts 
below normal value, and the current again noted. This gives 
us the first parameter. 


Internal resistance = 


Change in anode voltage (20= in this case) 
Change in anode current. 


The anode voltage is now restored to its normal value, 
and the grid voltage is increased to ij volts above normal, 
and the anode current noted. The grid voltage is now reduced 
volts less than normal, and the anode current again noted. 
This gives us the second parameter. 

Tvr , 1 j . Change in anode current 

Mutual conductance =7^^ : r- ; — : — r- 

Change in grid voltage (3 in this case). 


The amplification factor is obtained by multiplying these 
two factors together. 

Where one is dealing with A.C. valves all measurements 
must, of course, be made relative to the cathode, while the 
heater is supplied separately with current either from a 4- 
volt transformer or a 4~volt battery as required. This requires 
the use of a special holder and a slight modification of the 
connections. 
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Fig. 84. — Circuit for Rapid Checking 
OF Emission. 


Where it is not 
required to make a 
deWte check on the 
performance of a 
valve, but merely to 
find whether it is func- 
tioning satisfactorily, 
a much simpler form 
of test will suffice. It 

is sufficient, for example, to connect the valve in circuit 
with the grid connected to L.T. — and with a suitable 
anode voltage, say 50, to note whether any anode current 
is obtained. This is satisfactory for all except very high 
resistance valves where the anode current is so small as to 
render the reading difficult to observe. This, of course, can 
be overcome by the use of a specially sensitive meter, having a 
full scale of 2 milliamps only. 

A form of test which is convenient for all valves is to use 
an oscillating circuit. Such an arrangement, as that shown 
in Fig. 84, is convenient. Here we have an oscillating arrange- 
ment with a tuned grid circuit and a reaction coil in the anode 
circrnt, which also contains a milliammeter. An H.T. voltage 
of about 60 is all that is necessary, and if the valve is in order 
the circuit will oscillate strongly, causing a large deflection 



■ piG , 85. — Bulgin Valve Tester. 
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of perhaps, 10 or 20 milliartips in the anode circuit. If the 
valve is not satisfactory, no appreciable current will be ob- 
tained, so that one inamediately obtains an indication as to 
whether the valve is not only intact, but in good working order 
for if it will oscillate it wiU usually perform its other functions 
equally satisfactorily. 

A convenient little valve tester made up on this principle 
is marketed by Messrs. A. F. Bulgin & Co., and is illustrated 
in Fig. 85. The valve is inserted in the holder and the button 
depressed. If the valve is in order a large deflection is ob- 
tained on the meter, whereas otherwise no deflection results. 
The tester is equally satisfactory for high- or low-resistance 
valves. 

LABORATORY TESTS 

There are one or two tests on components which cannot be 
applied by means of ordinary simple apparatus. They involve 
equipment usu^y only found in a laboratory, but they are 
of sufficient importance to merit some brief reference in order 
to render this work complete. 

Capacity Measurement 

First of all we have the inductance and capacity bridges 
Much has been written on these and it will suffice to show a 
veiy simple form of each. Fig. 86 shows what is known 
as Wien Bridge. It will be seen to consist essentially of a 
Wheatstone Bridge with capacities in each arm instead of 
resistances. If the two top capacities are equal, then we have 
an equal ratio bridge, and if the variable standard capacity 
m the bottom left hand arm is made equal to the unknown 

capacity in the bot- 
tom right hand 
arm, we obtain a 
condition of bal- 
ance. 

Voltage is ap- 
plied across the 
points A and B 
from a suitable low- 
frequency source 
such as an L.F. 
oscillator or some 
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Fig. 86. — ^Wien Bridge for Capacity 
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similar device. The current produced by this voltage divides, 
part flowing through the top half of the bridge, and the other 
part through the bottom half. At the point C the voltage drop 
will be exactly one-half of the total voltage, since the two 
capacities, Cj and Cg are equal. The same remark applies 
at the point D and, therefore, the voltage at these two points 
is exactly the same. Consequently a pair of telephones con- 
nected across these points would carry no current whatever. 
This condition only applies when the bridge is balanced (so 
that the standard variable capacity equals the unknown 
capacity) and on either side of this point a certain current 
will flow through the telephones. In operation, therefore, 
the standard is adjusted until a silent point is obtained, when 
the capacity of the standard is equal to that of the unknown 
condenser. 

By making the top left hand arm some definite ratio of 
the top right hand arm, we obtain our balance in the same 
way. For example, if the unknown capacity is larger than 
the maximum capacity of the standard, we should simply 
make the right hand ratio arm two or three times the capacity 
of the left hand ami. Balance will then be obtained when 
the standard capacity was one-half (or one-third) of the 
unknown capacity, and this would occur within its range. 
An exactly similar state of affairs applies if the standard 
capacity is large compared to the unknown capacity so that 
the reading occurs at the bottom end of the scale where it is 
difiScult to determine accurately. We should use a multi- 
plying ratio so that the reading will be transferred to a more 
open part of the scale. 

INDUCTANCE MEASUREMENT 
A ■‘;lTnilar bridge for inductances is shown in Fig. 87. Here 
the top two arms are made of resistances, having a value in 
the neighbourhood of 100 ohms. A standard variable induct- 
ance is included in the left hand bottom arm, this usually 
being of the variometer t5q)e, while in the bottom right hand 
arm is the unknown inductance. In this case, however, _we 
not only have to balance the inductances, but also the resist- 
ances of the circuits, and therefore, a variable resistance is 
shown included in the circuit. We cannot say off-hand in 
which arm this resistance must be placed. We may find that 
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Unknoi¥n 


Fig. 87. — Inductance Bridge. 


the resistance of 
the standard is 
more or less than 
that of the un- 
known inductance, 
and accordingly we 
must place the 
extra resistance in 
either the right 
hand or the left 
hand arm respec- 
tively in order to balance for resistance. This is done by 
throwing the switch in to one of these two possible positions. 

In practice one has to balance this bridge by adjusting 
both the inductance and the resistance simultaneously, obtain- 
ing a minimum on one, then reducing the strength of this 
minimum on the other. Going from one to the other in this 
way a silent point is ultimately obtained, and this gives the 
inductance of the unknown coil. As before, ratios may be 
used where the unknown inductance is greater or less than 
the standard. 

These methods for measuring capacity and inductance 
are at once more accurate and more convenient than the wave- 
meter method, but a little difficulty is likely to be experienced 
due to self-capacity and earth capacity effects. Further 
information should be obtained from some of the various 
works on bridge measurement.^ 

The measurement of large capacities is one which is not 
called for often, and no reference need be made to it here. 
Information on the subject will be found in the work already 
referred to. 


IRON-CORED INDUCTANCES 

Measurement of large inductances, however, particularly 
iron-cored inductances, is a matter of considerable interest 
in radio work. Here the measurement is one of a little diffi- 
culty, for one has to take account of the presence of steady 
current flowing through the winding. The inductance of an 
iron-cored coil, whether a transformer primary or choke, 

^Notably W. H. Nottage . — Calculation and Measurement of Inductance 
and Capacity. 
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depends upon the permeability of the iron, which is not a 
constant property, but varies according to the state of mag- 
netisation of the iron. If we pass a steady current through 
the winding (such as the anode current flowing through a 
transformer primary) we introduce a steady magnetisation 
into the core, and the fluctuating current passing through 
it causes variations about this steady state. 

The effective permeabihty of the iron, which- is what 
determines the inductance under practical conditions, falls 
off steadily and somewhat rapidly as we increase the steady 
magnetisation of the iron, so that the larger the steady current 
the less the inductance of the coil. This effect is known as 
''saturation.'’ It may be avoided by the use of specially 
constructed iron circuits, employing a small air gap (constant- 
inductances chokes), but otherwise the effect is nearly always 
present. 

A further effect is that the inductance of an iron-cored 
coil varies considerably with the alternating component of the 
current flowing through it. If one measures the inductance 
with an alternating current of i milliampere, and then again 
with 5 milliamperes, the inductance will be found to be, 
perhaps, twice as great as in the latter case. We have two 
essentials, therefore, to comply with in making our measure- 
ment. 

1. The steady current flowing through the winding must 
be commensurate with the value to be used in practice. 

2. The alternating component of the current must also be 
of the correct order. 

In practice a value of 0-25 miUiamps A.C. will be found 
sufficient for transformers and high-inductance chokes, as the 
difference between the inductance under such conditions and 
that with small currents flowing is negligible. With chokes 
intended for smoothing eliminator circuits, a value of i milli- 
ampere or more should be used. 

A circuit which can be employed in making these measure- 
ments is that shown in Fig. 88. In series with the inductance 
to be measured is a small resistance. This must be of such a 
value that it is negligible in comparison with the impedance 
of the inductance to be measured. A value of 50 to 100 ohms 
is usually sufficient. Across this resistance is connected a 
valve voltmeter with one stage of resistance-coupled ampli- 
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fication preceding it. This is in order to obtain the requisite 
sensitivity,- as the customary valve voltmeter will not give 
any indication, unless this step is resorted to. The circuit is 
completed with the switch having two positions. In the first 
the circuit contains an A.C. miUiammeter capable of reading 
I to miUiamperes full-scale deflection. In the second a 
D.C. miUiammeter and battery is brought into use, the sizes 
depending on the polarising current to be taken by the choke. 


Choke 
under Test 



A variable transformer is employed connecting the circuit 
to the mains supply if it is convenient, and of reasonably good 
wave form. Alternatively a local oscillator must be employed, 
suitably coupled to the circuit, so that a variable voltage can 
be induced therein. The voltage is increased (with the switch 
in position i) until the required current (0-25 or i-o mUli- 
ampere as the case may be) is flowing in the circuit. The 
voltage drop on the resistance R wiU cause a deflection on the 
valve voltmeter, and this deflection must be noted. Through- 
out the measurements we then know this deflection on the 
valve voltmeter corresponds to a definite value of A.C. 

The switch is now thrown into position 2 which brings in 
the battery and a D.C. ammeter. This is now adjusted until 
the requisite direct current passes through the choke. This 
wiU have no effect upon the valve voltmeter, which does not 
take any account of D.C. voltages applied across its terminals. 
The A.C. voltage applied to the circuit is now varied until 
reading on the valve voltmeter is the same as before, 
indicating that the required value of alternating current is 
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flowing. The voltage across the choke is measured with a 
suitable A.C. voltmeter, and by dividing this voltage by the 
predetermined value of alternating current to which the 
circuit has been adjusted, we are able to determine the imped- 
ance of the choke. 

In nearly all cases this impedance may be taken to be purely 
reactive since the resistance is usually negligible. This is 
particularly the case if one is using a relatively high frequency 
for the measurements. Such being the case, one may assume 
that : 


Inductance 


A.C. voltage across choke 
6 *28 X frequency X A.C. amperes. 


The method is one which gives good practical results with 
an accuracy quite sufficient for normal purposes. 
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A 

Absorption, 112 

wavemeter, 113 

A.C. hum, elimination of, 22, 60, 
104 

receivers, 100 

Aerial circuit, faults in, 54 

dummy, 132 

Amplification, checking of, 23, 67 

factor of valves, 168 

from S.G. receivers, 71 

measurement of, I-.F., 142 

H.F., 135 

Anode current, checking of, 7 
Attenuator, 134 


B 

Back coupling, 84 
Back -lash, 60 

Battery coupling (feedback), 36, 
44, 76 

Bypassing, of H.F., 56 

of H.T. circuits, 19, 65, 78, 

107 

C 

Capacity, measurement of, 156, 
170 

Chokes, constant inductance, 33 

H.F., 58, 70 

testing of, 166 

for D.C. supply, 89 

Circuit, determination of, 18 
Condensers, faults in, 26, 34, 53 

for mains units, 97 

testing of, 155 

Continuit3^ tests for, ii, 155, 159 
Coupling, battery, 36, 44, 76 

condensers, faults in, 26, 34, 

53 


D 

D.C. SUPPLY, use of, 82 

receivers for, 85 

hum, elimination of, 88 

Dead spots, 112 

De-coupling ciicuits, 46, 77, 84 
Detector, bypassing of, 67 

distortion in, 40 

testing of, 15, 52, 66 


E 

Earthed main, location of, 89 
Eliminators, A.C., 10, 91 
D.C., 10, 83 

L.T., 99 

Emission, checking of, 9 


F 

Filters, A.C., 93 

D.C., 83 

H.F., 77 

L.F., 46 

Fuses, flash lamp, 12, 19 


G 

Gramophone pickup, use of, 25 

troubles with, 121 

Grid bias, checking of, 24, 27, 39 

for A.C. receivers, loi 

for D.C. receivers, 87 

choking, 33 

circuit, break in, 22, 60 

leak, checking of, 164 

troubles -with, 117 

values of, 34 





stray, 73, 76 
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H 


P 


H.F. CHOKES, 30, 58, 70 

for D.C. supply, 89 

testing of, 166 

currents, distortion due to, 29 

current, separation from L.F., 

56 

stoppers, 31 

transformers, testing of, 68 

High-voltage, danger of, 93 


Parallel feed, 32, 70 


Q 

Quality, poor, 29 


R 


I 

Inductance, of leads, 109 

of transformers, 34 

measurement of, X59, 171, 172 

Internal resistance, of valves, 168 


VALUE, 93 

Reaction circuits, short wave 107 

—.7— testm|rof, 17, 53, 57 

Rectifying circuits, 91 

testing of, 96 

Regulation, 10, 95 
Resistance measurements, 162 


L 

L.F. FILTERS, 46 

oscillation, 43 

oscillator, 139, 148 

Loud-speaker, matching of, 38 


S 

Saturation, 32, 86 
Screening, 73 
Selectivity, 146 
— ~ measurement of, 136 
Switch troubles, 120 


M 


Mains hum, 22, 60, 88, 104. i^a 
Milliammeter, 2 

checking distortion with, 3' 

checking oscillation with, 6] 

Modulation, 130 
Motor-boating, 84 
Mutual conductance, 168 


Neutralised circuits, testing of. 


T 

Test prods, use of, 5, 88 
Three wire system, 85 
Threshold howling, 59, iii 
Transformers, L.F., inductance oL 
34 

— ^ testing of, 15, 25, 160 

H.F., testing of, 68 

Tuned anode circuit, 64, 108 
Tuning, checking of, 51 
in short wave sets, 109, 113 

V 


Ohmmeter, 5 

Oscillation, in L.F. amplifiers, 4* 

in H.F. amplifiers, 71 ‘ 

in superheterod3mes, T14 

tests for, 61 

Oscillator, L.F., 139, 148 

H.F., 129, 148 

Output, control of, 132, 143, 149 

circuit, matching of, 2^. ^8 

Overloading, 36 ^ 

• of detector, 41 


Valve holders, faults in, 15, 26 

voltmeter, 135 

Valves, testing of, 86, 167 
Voltage drop test, 13 
Voltmeter, 2, 4 
testing with, ii 


W 

Wavemeter, 3, 17, 158 
short wave, 1 13 
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